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PC PAL VGA TO TV CONVERTER Converts a colour TV into 
a basic VGA screen. Complete with built in psu, lead and s/ware. 
£49.95. Ideal for laptops or a cheap upgrade. 
EMERGENCY LIGHTING UNIT Complete unit with 2 double 
bulb floodlights, built in charger and auto switch. Fully cased. 6v 8AH 
lead acid req'd. (secondhand) £4 ref MAG4P 11. 
GUIDED MISSILE WIRE. 4,200 metre reel of ultra thin 4 core 
insulated cable, 28lbs breaking strain, less than 1mm thick! Ideal 
alarms, intercoms, fishing, dolls house's etc. £14.99 ref MAG15P5 
SINCLAIR C& 13" WHEELS Complete with centre bearing 
(cycle type), tyre and inner tube. £6 ea ref MAG 6P 10. Ideal go kart 
300v PANEL METER 70X60X50MM, AC, 90 degree scale. Good 
quality meter. £5.99 ref MAG 6P14. Ideal for monitoring mains etc. 
ASTEC SWITCHED MODE PSU BM41012 Gives +5 @ 3.75A, 
+12@1.5A, -12@.4A. 230/110, cased, BM41012. £5.99 ref AUG6P3. 
TORRODIAL TX 30-0-30 480VA, Perfect for Mosfet amplifiers 
etc. 120mm dia 55mm thick. £18.99 ref APR19. 
AUTO SUNCHARGER 155x300mm solar panel with diode and 
3 metre lead fitted with a cigar plug. 12v 2watt. £9.99 ea ref AUG10P3. 
FLOPPY DISCS DSDD Top quality 5.25" discs, these have been 
written to once and are unused. Pack of 20 is £4 ref AUG4P1. 
MOD WIRE Perfect for repairing PCB's, wire wrap etc. Thin 
insulated wire on 500m reels. Our price just £9.99 ref APR10P8. 
12v MOVING LIGHT Controller. Madeby Hella, 6 channels rated 
at 90watts each. Speed control, cased. £34.99 ref APR35. 
ECLATRON FLASH TUBE As used in poiice car flashing lights 
etc, full spec supplied, 60-100 flashes a min. £9.99 ref APR10P5. 
24v AC S6EWATT Cased power supply. New. £13.99 ref APR14. 
MILITARY SPEC GEIGER COUNTERS Unused and straight 
from Her majesty's forces. £50 ref MAG 5OP3. 
STETHOSCOPE Fully functioning stethoscope, ideal for listening 
to hearts, pipes, motors etc. £6 ref MAR6P6. 
OUTDOOR SOLAR PATH LIGHT Captures sunlight during 
the day and automatically switches on a built in lamp at dusk. 
Complete with seales lead acid battery etc.£19.99 ref MAR20P1. 
ALARM VERSION Of above unit comes with built in alarm and pir 
to deter intruders. Good value at just £24.99 ref MAR25P4. 
CLOCKMAKER KIT Hours of fun making your own clock, com- 
plete instructions and everything you need. £7.99 ref MAR8P2. 
CARETAKER VOLUMETRK Alam, will cover the whale of the 
ground floor against forcred entry. Includes mains power supply and 
integral battery backup. Powerful internal sounder, will take extemal 
bell if req'd. Retail £150+, ours? £49.99 ref MARSOP1. 
TELEPHONE CABLE White 6 core 100m reel complete with a 
pack of 100 clips. Ideal ‘phone extns etc. £7.99 ref MAR8P3. 
IBM PC CASE AND PSU Ideal base for building your own PC. 
Ex equipment but OK. £9.99 each REF: JUN10P2. 
MICRODRIVE STRIPPER Small cased tape drives ideal for 
stripping, lots of useful goodies including a smart case, and lots of 
components. £2 each ref JUN2P3. 
SOLAR POWERLAB SPECIAL You get TWO 6"x6" 6v 130mA 
solar cells, 4 LED's, wire, buzzer, switch plus 1 relay or motor. Superb 
value kit just £5.99 REF: MAG6P8 
SOLID STATE RELAYS Will switch 25A mains. Input 3.5-26v 
DC 57x43x21mm with terminal screws £3.99 REF MAG4P 10 
300DP!1 A4 DTP MONITOR Brand new but shop soiled so hence 
bargain pricelTTL/ECL inputs, 15" landscape, 1200x1664 pixel 
complete with circuit diag to help you interface with your projects. 
JUST £14.99. REF JUN15P2. 
MULTICORE CABLE 300 metre reel of grey 8 core cable ideal 
ifor ‘phones, intercomms, computers, alarms etc. Comes in 
spedcialdispensing container to avoid tangles. £15 ref AUG15. 
BUGGING TAPE RECORDER Small voice activated recorder, 
| usesmicro cassette complete with headphones. £28.99 ref MAR29P 1. 
ULTRAMINIBUG MK 6mmx3.5mm made by AKG, .5- 12v electret 
condenser. Cost £12 ea, Our? four for £9.99 REF MAG10P2. 
RGB/CGA/EGA/TTL COLOUR MONITORS 12" in good 
condition. Back anodised metal case. £79 each REF JUN79 
GX4000 GAMES MACHINES returns so ok for spares or repair 
£9 each (no games). REF MAG9P'1 
C64 COMPUTERS Retums, so ok for spares etc £9 ref MAG9P2 
FUSELAGE LIGHTS 3 foot by 4" panel 1/8" thick with 3 panels 
that glow green when a voltage is applied. Good for night lights, front 
panels, signs,disco etc. 50-100v per strip. £25 ref MAG25P2 
ANSWER PHONES Returns with 2 faults, we give you the bits for 
1 fault, you have to find the other yourself. BT Response 200's £18 
ea REF MAG18P1. PSU £5 ref MAGSP 12. 
SWITCHED MODE PSU ex equip, 60w +5v @5A, -5v@.5A, 
+12V@2A,-12vV@.5A 120/220v cased 245x88x55mm lECinput 
socket £6.99 REF MAG7P1 
PLUG IN PSU SV 200mA DC £2.99 each REF MAG3P9 
PLUG IN ACORN PSU 19v AC 14w , £2.99 REF MAG3P 10 
POWER SUPPLY fully cased with mains and o/p leads 17v DC 
900mA output. Bargain price £5.99 ref MAG6P9 
ACORN ARCHIMEDES PSU +5v @ 4.4A. on/off sw uncased, 
selectable mains input, 145x100x45mm £7 REF MAG7P2 
GEIGER COUNTER KIT Low cost professional twin tube, com- 
plete with PCB and components. Now only £19 REF AUG19. 
9v DC POWER SUPPLY Standard plug in type 150ma 9v DC 
with lead and DC power plug. price for two is £2.99 ref AUG3P4. 
AA NICAD PACK encapsulated pack of 8 AA nicad batteries 
(tagged) ex equip, 55x32x32mm. £3 a pack. REF MAG3P 11 
13.8V 1.9A psu cased with leads. Just £9.99 REF MAG10P3 
360K 68.26 brand new half height floppy drives IBMcompatible 
industry standard. Just £6.99 REF MAG7P3 
PPC MODEM CARDS. These are high spec plug in cards made 
for the Amstrad laptop computers. 2400 baud dial up unit complete 
with leads. Clearance price is £5 REF: MAG5P1 
INFRA RED REMOTE CONTROLLERS Onginally made for 
hi spec satellite equipment but perfect for all sorts of remote control 
projects. Our clearance price is just £2 REF: MAG2 
TOWERS INTERNATIONAL TRANSISTOR GUIDE. Avery 
useful book for finding equivalent transistors, leadouts, specs etc. 
£20 REF: MAG20P1 
SINCLAIR C& MOTORS We have a few left without gearboxes. 
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55A WORCESTER ST TEL 0902 22039 
Spec is12v DC 3,300mpm £25 ref MAG25. 
Janeneononosnoosen ALE YY PRODUC Te tsssnsesniisnn sais 
200 WATT INVERTER Converts 10-15v DC into 
either 110v or 240v AC. Fully cased 
115x36x 156mm, complete with heavy duty power 
lead, cigar plug, AC outlet socket.Auto overload 


| shutdown, auto short circuitshut down, auto input 


over voltage shutdown, auto input under voltage 
shutdown (with audible alarm), auto tempcontrol, 
unit shuts down if overheated and sounds audible 
alarm. Fused reversed polarity protected. output 
frequency within 2%, voltage within 10%. A ex- 
tremely well built unit at a very advantageous 
pieS ee is £64.99 ref AUG65. 
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UNIVERSAL SPEED CONTROLLER KIT Designed by us for 
the C5 motor but ok for any 12v motor up to 30A. Complete with PCB 
etc. A heat sink may be required. £17.00 REF: MAG17 
MAINSCABLE Precut black 2 core 2 metre lengths ideal for 
repairs, projects etc. 50 metres for £1.99 ref AUG2P7. 
COMPUTER COMMUNICATIONS PACK Kit contains 100m 
of 6 core cable, 100 cable dips, 2 line drivers with RS232 interfaces 
and all connectors etc. Ideal low cost method of communicating 
between PC's over along distance. Completekit£15.99 Ref MAR 16P2. 
MINICYCLOPS PIR52x62x40mm runs on PP3 battery complete 
with shrill sounder. Cheap protection at only £5.99 ref MAR6P4. 
ELECTRIC MOTOR KIT Comprehensive educational kit in- 
cludes all you need to build an electric motor. £9.99 ref MAR10P4. 
VIDEO SENDER UNIT. Transmits both audio and video signals 
from either a video camera, video recorder, TV or Computer etc to 
any standard TV setin a 100’ range! (tune TV to a spare channel) 12v 
DC op. Priceis£15 REF: MAG15 12v psu is £5 extra REF: MAG5P2 
“FM CORDLESS MICROPHONE Small hand held unit with a 
500' range! 2 transmit power levels. Reqs PP3 9v battery. Tuneable 
to any FM receiver. Price is£15 REF: MAG15P1 

LOW COST WALKIE TALKIES Pair of battery operated units 
with a range of about 200’. Ideal for garden use or as an educational 
toy. Price is £8 a pair REF: MAG 8P1 2x PP3 req'd. 
*MINATURE RADW TRANSCEIERS A pair of walkie talkies 
with a range of up to 2 kilometres in open country. Units measure 
22x52x 155mm. Complete with cases and earpieces. 2xPP3 req'd. 
£30.00 pair REF: MAG30. 

COMPOSITE VIDEO KIT. Converts composite video into sepa 
rate H sync, V sync, and video. 12v DC. £8.00 REF: MAG8P2. 
LQ3600 PRINTER ASSEMBLIES Made by Amstrad they are 
entire mechanical printer assemblies induding printhead, stepper 
motors etc etc In fact everything bar the case and electronics, a good 
stripper £5 REF: MAGS5P3 or 2 for£8 REF: MAG8P3 
SPEAKER WIRE Brown 2 core 100 foot hank£2 REF: MAG2P1 
LED PACK of 100 standard red 5m leds £5 REF MAG5P4 
UNIVERSAL PC POWER SUPPLY complete with flyleads, 
switch, fan etc. Two types available 150w at £15 REF:MAG15P2 
(23x23x23mm) and 200w at £20 REF: MAG20P3 (23x23x23mm) 
*FM TRANSMITTER housed ina standard working 13A adapter! 
the bug runs directly off the mains so lasts forever! why pay £700? or 
price is £26 REF: MAG26 Transmits to any FM radio. 

*FM BUG KIT New design with PCB embedded coil for extra 
stability. Works to any FM radio. 9v battery req'd. £5 REF: MAGSP5 
*FM BUG BUILT AND TESTED superior design to kit. Supplied 
to detective agencies. Ov battery req'd. £14 REF: MAG14 
TALKING COINBOX STRIPPER originally made to retail at£79 
each, these units are designed to convert and ordinary phone into a 
payphone. The units have thelocks missing and sometimes broken 
hinges. However they can be adapted for their original use or used for 
something else?? Price is just £3 REF: MAG3P1 

100 WATT MOSFET PAIR Same spec as 2SK343 and 2SJ413 
(8A, 140v,100w) 1 N channel, 1 P channel, £3 apair REF: MAG3P2 
TOP QUALITY SPEAKERS Made for HI FI televisions these are 
10 watt 4R Jap made 4" round with large shielded magnets. Good 
quality. £2 each REF: MAG2P4 or 4 for £6 REF: MAG6P2 
TWEETERS 2" diameter good quality tweeter 140R (ok with the 
above speaker) 2 for £2 REF: MAG2P5 or 4 for£3 REF: MAG3P4 
AT KEYBOARDS Made by Apricot these quality keyboards need 
justa small mod to runon any AT, they work perfectly but you will have 
to put up with 1 or 2 foreign keycaps! Price £6 REF: MAG6P3 

PC CASES Again mixed types so you take a chance next one off the 
pile £12 REF:MAG12 or two the same for £20 REF: MAG20P4 
HEADPHONES Ex Virgin Atlantic. 8pairsfore2 REF: MAG2P8 
PROXIMITY SENSORS These are small PCB’s with what look 
like a source and sensor LED on one end and lots of components on 
the rest of the PCB. Complete with fly leads. Pack of 5&3 REF: MAG: 
3P5 or 20for£8 REF: MAG8P4 
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SNOOPERS EAR? Original made to clip over the earpiece of 
telephone to amplify the sound-it also works quite weil on the cable 
running along the wall! Price is £5 REF: MAG5P7 

DOS PACKS Microsoft version 3.3 or higher complete with all 


manuals or price just £5 REF: MAGS5P8 Worth it just for the very 
comprehensive manual! 5.25° only. 


DOS PACK Microsoft version 5 Original software but no manuals 
hence only £3 REF: MAG3P6 5.25" only. 
PIR DETECTOR Made by famous UK alarm manufacturer these 


are hi spec, long range internal units. 12v operation. Slight marks on 
case and unboxed (although brand new) £8 REF: MAG8P5 
WINDUP SOLAR POWERED RADW AMFM radio complete 
with hand charger and solar panel! £14 REF: MAG14P1 

MOBILE CAR PHONEES.39 Well almost! completein carphone 
excluding the box of electronics normally hidden under seat. Can be 
made to illuminate with 12v also has built in light sensor so display 
only illuminates when dark. Totally convincing! REF: MAG6P6 
ALARM BEACONS Zenon strobe made to mount on an extemal 
bell box but could be used for caravans etc. 12v operation. Just 
connect up and it flashes regularly) £5 REF: MAGSP11 

FIRE ALARM CONTROL PANEL High quality metal cased 
alarm panel 350x165x80mm.With key. Comes with electronics but 
no information. sale price 7.99 REF: MAG8P6 


REMOTE CONTROL PCB These are receiver boards for garage 
door opening systems. Another use? £4 ea REF: MAG4P5 


6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm 
130mA. Bargain price just £5.99 ea REF MAG6P12. 

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99 
ref MAGS5P 13 ideal for experimenters! 30 m for £12.99 ref MAG13P 1 
LOPTX Line output transformers believed to be for IBM hi res colour 
monitors but useful for getting high voltages from low ones! £2 each 
REF: MAG2P12 bumper pack of 10 for £12 REF: MAG12P3. 


HEATSINKS (finned) TO220, designed to mount vertically on apcb 
50x40x25mm you can have a pack of 4 for £1 ref JUN1P11. 


WATERPROOF JUNCTION BOX 65mm dia 33mm deep. Four 
cable entry exit points (adjustable for any size cable) snap fit lid. Ideal 
for TV, satellite use. £2 ea ref APR2 or 6 for £10 ref APR10P7. 


BOTH SHOPS OPEN 9-5.30 
SIX DAYS A WEEK 


INFRARED LASER NIGHT SCOPES 
Second generation image intensifier 
complete with hand grip attachment 
with built in adjustable laser lamp for 
zero light conditions. Supplied with 
Pentax 42mm camera mount and 
normal eye piece. 1.6kg, uses 
1xPP3,3xAA's (all supplied )£245+Vat 
NEW HIGH POWER LASERS 
15mW, Helium neon, 3 switchable 
wave lengths .63um,1.15um,3.39um 
(2 of them are infrared) 500:1 polarizer 
built in so good for holography. Sup- 
plied complete with mains power 
supply.790x65mm. Use with EX- 
TREME CAUTION AND UNDER 
QUALIFIED GUIDANCE. £349+Vat. 


££LLELEWE BUY SURPLUS STOCKE£E£££££ 


TURN YOUR SURPLUS STOCK INTO CASH. 
IMMEDIATE SETTLEMENT. WE WILL ALSO QUOTE FOR 
COMPLETE FACTORY CLEARANCE. 


1994 CATALOGUE. 


MINIMUM GOODS ORDER £5.00 TRADE ORDERS FROM GOVERNMENT, SCHOOLS, 
UNIVERSITIES ,& LOCAL AUTHORITIES WELCOME. ALL GOODS SUPPL IED SUBJECT TO 
OUR CONDITIONS OF SALE AND UNLESS OTHERWISE STAT ED GUARANT EED FOR 30 
DAYS. RIGHTS RESERVED TO CHANGE PRICES & SPECIFICATIONS WITHOUT PRIOR 
NOTICE ORDERS SUBJECT TO STOCK. QUOTATIONS WLLLINGLY GIVEN FOR QUAN- 
TITIES HIGHER THAN THOSE STATED 


SFT X 1FT IOWATT SOLAR PANELS 
14.5v/700mA 
£33.95 


(PLUS $2.00 SPECIAL PACKAGING CHARGE) 


TOP QUALITY AMORPHOUS SILICON CELLS HAVE ALMOST A 
TIMELESS LIFESPAN WITH AN INFINITE NUMBER OF POSSIBLE AP- 
PLICATIONS, SOME OF WHICH MAY BE CAR BATTERY CHARG- 
ING, FOR USE ON BOATS OR CARAVANS, OR ANYWHERE A 
PORTABLE 12V SUPPLY IS REQUIRED. REF: MAG34 


PORTABLE RADIATION DETECTOR 
£49.99 


Hand held personal Gamma and X Ray detec- 
or. This unit contains two Geiger Tubes, has a 4 
digit LCD display with a Piezo speaker, giving an 


udio visual indication. The unit detects high 
nergy electromagnetic quanta with an energy 
rom 30K eV to over 1.2M eV and a measuring 
range of 5-9999 UR/h or 10-99990 Nr/h. Supplied 


omplete with handbook.Ref MAGSO. 
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SPACEWRITER WAND by Mark Stuart 906 


Conjure up Yule-tide micro-magic messages at your finger tips 


EPE FRUIT MACHINE -1 by Brett Gossage and Julyan Ilett 909 
Put down the chips and latch onto Las Vegas for a real cash payout 
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UNIVERSAL DIGITAL CODE LOCK by Bart Trepak 944 
Stack the numbers in favour of your home security 

VIDEO MODULES - 2 by Robert Penfold 954 
Horizontal and vertical image wipers, and a 4- Channel Audio Mixer 

RODENT REPELLER by Terry de Vaux-Balbirnie 964 


A brilliant noisy send-off for Mr. Mouse! 


Sertey | 


CIRCUIT SURGERY by Alan Winstanley 920 
Advice on making your own p.c.b.s and winding inductors 
ELECTRONICS FROM THE GROUND UP-3 924 


by Mike Tooley B.A. 
First steps in understanding electronics, with optional computer aided 
design software 


TECHNIQUES - ACTUALLY DOING IT by Robert Penfold 934 
A beginner's guide to choosing the right tools for the task 


INTERFACE by Robert Penfold 952 
The page for computer enthusiasts 
AMATEUR RADIO by Tony Smith G4FA1 976 


CIS callsigns, and 1994 in retrospect 
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EDITORIAL 905 é 
INNOVATIONS 916 
Everyday news from the world of electronics 
SHOPTALK with David Barrington 918 
Component buying for EPE projects : 
FOX REPORT by Barry Fox 936 : 
Has PC standardisation doomed the Apple-Mac? 
EMBEDDED CONTROLLERS by John Davies B.Sc. — 941 ; 
Single-task computer chips are finding wider application roles | 
NEW TECHNOLOGY UPDATE by lan Poole 950 | 
Glass-on-silicon chips enhance communications technology | 1 
ELECTRONICS PRINCIPLES Il SOFTWARE 962 : 
Educational software - plus Electronics PC Toolbox 2.0 and GCSE | 
Mathematics 
ELECTRONICS VIDEOS 963 : 
Our range of educational videos to complement your studies a: 
DIRECT BOOK SERVICE 971 : 
A wide range of technical books available by mail order 
PRINTED CIRCUIT BOARD SERVICE 975 
PCBs for EPE projects - some at sale price! 
=. | INDEX FOR VOLUME 23 | 979 
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Our January ’95 Issue will be published on Friday, Readers Services e Editorial and Advertisement Departments 905 
2 December 1994. See page 895 for details. , 
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| Surplus always 





Supusaways | THE ORIGINAL SURPLUS WOND yt 
wanted for cash! § = THIS MONTH'S SELECTION FROM OUR VAST EVER CHA s _ LWwanted for cash! 





LOW COST PC's - ALL EXPANDABLE - ALL PC COMPATIBLE THE OFFER OF 1994 ! 





COMPLETE : 
AT 286 COLOUR SYSTEM = Laser Video 
40Mb HD + 3Mb Ram ONLY £99. 00 One of the most amazing surplus deals Disk Player 





that we ever been abl ff ! 

LIMITED QUANTITY only of these 12Mhz HI GRADE 206 systems A massive bulk purchase enables us to bring you a COMPLETE The Philips VP410 LaserVision player, in as new condition, unit fea- 
Made in the USA to an industrial specification, the system was ready to run colour PC system at an unheard of price! tures full computer control, Plays standard 12" LaserVision disks with 
PsUand for reliability. The compact case houses the motherboard, The Display: Electronics PC99 system comprises of fully com- startling visual and audio quality in two channel stereo or mono 
PSU and EGA video card with single 5%" 1.2 Mb floppy disk drive & patible and expandable XT PC with 256k of RAM, 5%" 360k floppy When controlled by a computer, it may also be used as a areaiie 
integral 40Mb hard disk drive to the front. Real time clock with bat- isk drive, 12" CGA colour monitor, standard 84 key keyboa'd, high quality storage / retrieval medium. It will play back either 
tery backup is provided as standard. Supplied in good used condition MS DOS and all connecting cables - just plug in and go ! Ideal eorvisi tale AV (acti ve play) or CLV bane Ps \ dacs (which cov- 
complete with enhanced keyboard, 640k + 2Mb RAM, DOS 4.01 students, schools or anybody wishing to learn the world of PC's sro oct t voes of oo a Say avail if * Ne : bay! Been Some of the 


and 90 DAY Full Guarantee. Ready to Run ! a an ee euaget Don't miss this opportunity. many features of this incredible machine are: 
Order as HIGRADE 286 QALY £949.00 cc) “ly guaranteed for 90 DevrseraspcsscoL £99.00(E) —_RS-232 INTERFACE RGB/ COMPOSITE VIDEO OUTPUT 
BNC+SCART INTERFACE PAL/ RGB DECODER 
















Optional Fitted extras: 640k RAM 
2nd floppy drive, specify 5%" 360k or 3%" 720k 
Above prices for PC99 offer ONLY. 






Optional Fitted extras: VGA graphics card 
1.4Mb 3%" floppy disk drive (instead of 1.2 Mb) IR+WIRED REMOTE CONTROL FAST RANDOM ACCESS 


NE2000 Ethemet (thick, thin or twisted) network card £49.00 SPECIAL PURCHASE Only £399.00" 


FLOPPY DISK D 5" 8" VIDE R 
RIVES 3.5'- 8 O MONITOR Ea BBC Model B APM Board 


7 Superb quality 14" FOREFRONT MTS-9600 SVGA Multisync - 
5.25" from £22.95 - 3.5" from £24.95 Boe eee Multimode monitor 0.28" dot pitch with hestlite! ge 










Massive purchases of standard 5.25" and.3.5" drives enables us to 1024 x 768. The multi mode input allows direct con- £100 CASH FOR THE MOST 
present prime product at industry beating low prices! All units (unless nection to a host of computers including IBM PC's in WIN ¢100 

stated) are BRAND NEW or removed from often brand new equip- CGA, EGA, VGA & SVGA modes, BBC, COM- CASH! NOVEL DEMONSTRABLE 
ment and are fully tested, aligned and shipped to you with a 90 day MODORE (including Amiga 1200), ARCHIMEDES APPLICATION 


= etc. The H version will also function with the ATARI in 


guarantee and operate from standard voltages and are of standard 
all modes inc Hi RES monochrome. Complete with 'text' BBC Model B type computer on a board. A major purchase allows us 


size. All are IBM-PC compatible (if 3.5" supported on your PC). 


3.5" Panasonic JU363/4 720K or equivalent £24.95(B) switching for WP _use.(possible minor screen bums) Syncs down to 15 to offer you the PROFESSIONAL version of the BBC computer at a 
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only * £36.95(B) kHz. Supplied in EXCELLENT little used condition with full 90 day guar- parts only price. Used as a front end graphics system on large net- 
3.5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £29.95(B) antee. worked systems the architecture of the BBC board has so many sim- 
5.25" Teac FD-55GFR 1.2 Meg £29.95(B) Order as MTS-9600/ H for ATARI £159.00 (E) _ilarities to the regular BBC model B that we are sure that with a bit of 
5.25" BRAND NEW Mitsubishi MF501B 360K £22.95(B) All modes as above Order as MTS-9600 / S £139.00 (E) | experimentation and ingenuity many useful applications will be found 


ELECTROHOME ECM-1211SBU 12" VGA multisync monitor with for this board! It is supplied complete with a connector panel which 


* Data cable included in price. r 
brings all the I/O's to 'D' and BNC type connectors - all you have to 







Shugart 800/801 8" SS refurbished & tested £195.00(E) resolution 640 x 480. Multi input selection; 9pin CGA/ EGA ; 15 pin } ‘ : ) 
Shugart 851 8" double sided refurbished & tested £250.00(E) VGA or 5 BNC connectors. 0.31 pitch. Compatible with PCs, Amiga, do is provide +5 and +12 v DC. The APM consists of a single PCB 
Mitsubishi M2894-63 8" sided switchable NEW £250.00(E) Atari and others. In good used condition (possible minor screen with most major ic's socketed. The ic's are too numerous to list but 
Mitsubishi M2896-63-02U 8" DS slimline NEW £285.00(E) burns). 90 day guarantee. ..... £99.00 (E) ee ve ‘ La 1 oe oe and “ pues pepe chip. 
Dual 8" drives with 2 mbyte capacity housed in a smart case with KME 10" high definition colour monitors. Nice tight 0.28" dot pitch | te° contain the custom operating system on 

ver ‘ . ‘ ; which we have no data, On application of DC power the system 
built in power supply. Ideal as exterior drives! £499.00(F) for superb clarity and modem styling. Operates from boots and provides diagnostic information to the video output. On 





any 15.625 khz sync RGB video source, with RGB 
HARD DISK DRIVES analog and composite sync such as Atari, 
End of line purchase scoop! Brand new NEC D2246 8" 85 Mbyte Commodore Amiga, Ac bi Archimede s & BBC. 

: . Measures only 13.5" x 12" x 11". Only £125 (E)§ 
of hard disk storage! Full industry standard SMD interface. Ultra hi ~Gooq used condition. 90 day guarantee Beas 
speed data transfer and access time, replaces Fujitsu equivalent KME 10" as above for PC t2 A standard £145.00 (E) 
model. complete with manual. Only £299.00(E) weenna ds culeu lBNeG be hae ; ; 
3.5" FUJI FK-309-26 20mb MFM I/F RFE £59.95(C) , colour IBM-PC compatible. high quail- 
35" CONNER CP3024 20 mb IDE I/F (or equiv RFE —-£69.95(C) _tY €x-equipment fully tested with a 90 day gueranies. 
3.5" CONNER CP3044 40mb IDE W/F (or equiv.)RFE €99.00(C) !n an attractive two tone ribbed grey plastic case 
3.5" RODIME RO3057S 45mb SCSI I/F (Mac & Acorn) £99.00(6) measuring 15°L x 13°W x 12°H. The front cosmetic 
535" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95(C) Dezel has been removed for contractual reasons. 
See tere amb MeTMRM CEES ted Ses atG a pepe 
$25" 05-51 40m test 95 
8° FUJITSU M2322K 160Mb SMD I/F RFE tested — £195.00(E) 20" 22" and 26" AVSPECIALS _ 
Hard disc controllers for MFM , IDE, SCSI, RLL etc. from £16.95 Superbly made UK manufacture. PIL all solid state colour monitors, 


complete with composite video & optional sound inputs. Attractive 
THE AMAZING i34-18)¢ teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.In 

c S repaint TT COLOUR TVI! EXCELLENT little used condition with full 90 day guarantee. 
co penal so oh alain ash " 20"....£135 22"...£155 26"....£185 
z 9" Mono cased, Black & White for CCTV Used /Tested £49.00 (C) 


DC POWER SUPPLIES 


board DIP switches and jumpers select the 


ECONET address and enable the four extra 
EPROM sockets for user software. Appx. Only £29.95 


dims: main board 13" x 10". I/O board 14" x 
3". Supplied tested with circuit diagram, 2 for £53 (B) 
data and competition entry form. 


19" RACK CABINETS 
Superb quality 6 foot 40U 
Virtually New, Ultra Smart 


Less than Half Price! 
Top quality 19" rack cabinets made in UK by 
Optima Enclosures Ltd. Units feature design- 
er, smoked acrylic lockable front door, tull 
height lockable half louvered back door and 
removable side panels. Fully adjustable inter- 
nal fixing struts, ready punched for any config- 
uration of equipment mounting plus ready 
mounted integral 12 way 13 amp socket 
switched mains distribution strip make these 
racks some of the most versatile we have 
ever sold. Racks may be stacked side by side and therefore require 
















10,000 Power Supplies Ex Stock 
Call for info / list only two side panels to stand singly or in bays 

The TELEBOX consists of an attractive fully cased mains powered Power One SPL200-5200P 200 watt (250 w peak).Semi open Overall dimensions are: 7-1/2" H x 32-1/2 D x 22" W. Order as: 
unit, containing all electronics ready to plug into a host of video moni- frame giving +5v 35a, -Sv 1.5a, +12v 4a (8a peak), -12v 1.5a, +24v Rack 1 Complete with removable side panels. £295.00 (G) 
tHe i See ee oul i pie elialivs 4a (6a peak). All outputs fully regulated with over voltage protection Rack 2 Rack, Less side panels £175.00 (G) 

. ’ ’ : ’ on the +5v output. AC input selectable for 110/240 vac. Dims13" x j ij ! 
and many more. The composite video output will also plug directly 5" x 2.5". Fully guaranteed RFE. £85.00 (B) Over 1000 racks in all size s from stock ! 
oe one recorders, a reception on ON eOX ME) P Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v Call with your requirements. 
mally receivable on most television receivers* . Push (2A). 5v @ 20A. & 12v @ 1.5A. Switch mode.New. £59.95(B 
button controls on the front panel allow, reception of 8 fully tuneable eae a ber ice LOW COST RAM UPGRADES 
‘off air UHF colour television channels. 4 covers virtual- -12v @ 0.1a. 6-1/4" x 4" x 1-3/4" RFE tested £22.95(B) ' ' ; 
ly all television frequencies VHF and UHF including the HYPER- Lambada LYS-PV-12 200 watt switch mode.+12V DC @ 29a eC ar Lcd Angra ig. etl re Fee ad Case 
BAND as used by most cable TV operators. A composite video semi enclosed, 10° x 5" x 5". RFE and fully tested. £59.95(C) fully selectable for Expanded or Extended (286 processor and 
output is located on the rear panel for direct connection to most Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v G above) memory. Full data and driver disk supplied. In good used 
makes of monitor. For complete compatibility - even for monitors 15a,-5v @ 1a,+12v @ 6a.27 x 12.5 x 6.5ems.New. £49.95(C) condition fully tested and guaranteed 
without sound - an integral 4 watt audio amplifier and low level Hi Fi Boshert 13090.Switch mode.ideal for drives & system. +5v@ 6a, Windows compatible. Order as: ABOVE CARD £59.95,a1) 
audio output are provided as standard. +12v @ 25a, -12v @ 0.5a, -Sv @ 0.5a. £29.95(B) Half length 8 bit memory upgrade cards for PC AT XT expands 
TELEBOX ST for composite video input type monitors £32.95 Farnell G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C) memory either 256k or 512k in 64k steps. May also be used to fill 


TELEBOX STL as ST but with integral speaker £36.50 in RAM above 640k DOS limit. Complete with data. 
TELEBOX MB Multiband VHF-UHF-Cable- Hyperband turer £69.95 SPECIAL INTEREST Order ae: XT RAMUG. 256K £32.95(A1 
For overseas versions state 5.5 or 6mhz sound specification. 512k £39 QEAl} 
INTEL $BC486/133SE Multibus 486 system. 8Mb Ram £1975 1 MEG x 9 SIMM 9 chip 120ns only £29.95(A1) 


For cable / hyperband reception Telebox MB should be connected Zeta 3220-05 AO 4 pen HPGL RS23? fast drum plotter £2100 


to cable type socket. Shipping code on all Teleboxes is (8) Avitel VDA-3100 Video Distribution Amps.1 in 92 out S No Break Uninterruptible PSU's 


FANS & (={m8) WERS Trio 0-18 vdc bench PSU. 30 amps. New £470 
Fujitsu M3041 600 LPM band printer £1950 Brand new and boxed 230 volts 1 KVa uninterruptible power supply 









MITSUBUSHI MMF-D6D12DL 60 x 25mm 12vDC £4.95 10/£42 vG Electronics 1035 Decoding Margin Meter Rack £3750 from system from Densei. Model MUD 1085-AHBH. Complete with 
MITSUBUSHI MMF-09B12DH 92 x 25mm 12vDC £5.9510/£53 Andrews LARGE 6 m Satellite Dish + mount (For Voyager!) £950 vealed lead acid batteries in matching case. Approx time an inter- 
PANCAKE 12-3.5 92 x 18 mm 12v DC £7.95 10/£69 RED TOP IR Heat seeking missile (not armed !!) POA tupt is 15 minutes. Complete with full manual. 

EX-EQUIP 120 x 38mm AC fans - tested specify 110 or 240 v £6.95 Tektronix 1L30 Spectrum analyser plug in £330 Order as: MUD 1 £575.00¢) 
EX-EQUIP 80 x 38mm AC fans - tested specify 110 or 240 v £5.95 — Thurlby LA 1608 logic analyser £375 EMERSON ACCUCARD UPS, brand new 8 Bit half length PC com- 
VERO rack mount 1U x 19° fan tray specify 110 or 240v_ £45.95 GEC 1.5kw 115v 60hz power source £950 patible card for all IBM XT/AT compatibles. Card provides DC power 
IMHOF B26 1900 rack mnt 3U x 19° Blower 110/240v NEW £79.95 Brush 2Kw 400 Hz 3 phase frequency converter £850 {o all internal system components in the event of power supply fail- 
Shipping on ail fans (A). Blowers (B). 50,000 Fans Ex Stock CALL Anton Pillar 75 kW 400 Hz 3 phase frequency converter POA ure. The Accusaver software provided uses only 6k of base RAM 


Newton Derby 70 KW 400 Hz 3 phase frequency converter : OA and automatically copies all system, expanded and video memory to 


i 
IC's TRANSIS TORS DIODE S Nikon PL-2 Projection lens meter/scope 750 the hard disk in the event of loss of power. When power is returned 


Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995 the machine is returned to the exact status when the power failed ! 


OBSOLETE - SHORT SUPPLY - BULK : 

, , ad HP 7580A A1 8 pen HPGL high speed drum plotter £1850 ‘the unit features full self diagnostics on boot and is supplied with full 
5 ,000, 00 0 ite ms EX STO C K Hee NCATE! be letpr oN _ Lag sepa eg: a fitting instructions and manual. Normal price £189.00 

For MAJOR SAVINGS - SAE or CALL FOR LATEST LIST Seaward PAT 2000 dual voltage computerised PAT tester £585 Only £99.00 (8) or 2 for £195 


















Issue 12 Of Display News now available - send large SAE - PACKED with bargains! 




















srrrn sree he Sos $$ PLONDON SHOP | DISTEL ©The Original FALL MAIL & OFFICES ALL & ENQUIRIES 

© @€@ eee e008 @ ececee cee Open Mon-Sat 9:00-5:30 FREE On line Database Open Mon-Fri 9.00-5:30 

o see 88 : . 8 8 215 Whitehorse Lane Info on 1000's of items Dept EE. 32 Biggin Way 0S] 67 2 4414 
ecco © ° ecc5oe eo 2 6e—l® South Norwood V21,V22, V22 BIS Upper Norwood 


081 679 1888 LONDON SE19 3XF FAX 081 679 1927 


eee 
ECIRUNIES acre 
7 
All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders accepted from Government, 
Schools, Universities and Local Authorities - minimum account order £50. Carriage charges (A)=£3, (A1)=£4.00, (B)=£5.50, (C)=£8.50, (D)=£12.00, (E)=£15.00, 
ESTABLISHED | (F)=¢18.00, (G)=CALL. Allow approx 6 days for shipping - faster CALL. Scotland surcharge CALL. All goods supplied to our Standard Conditions of Sale and 
25YEARS | Unless stated guaranteed for 90 days. All guarantees on a return to base basis. All rights reserved to change prices / specifications without prior notice. Orders 
subject to stock. Discounts for volume. Top CASH prices paid for surplus goods. All trademarks etc acknowledged. © Display Electronics 1994. E & OE. 
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MAGNETIC FIELD DETECTOR 


Modern man is ever more often exposed to a 
variety of alternating magnetic fields of various 
frequencies, emanating from the huge variety of 
electrical and electronic devices which now 
form an integral part of life. Over the last few 
years these fields have become a source of 
concern to some people, who feel that constant 
exposure to them may constitute a hazard to 
health. A vast amount of research on this has 
been carried out, much of it by the electricity 
authorities who are understandably concerned 
about the safety of their product, but to date 
results have been inconclusive. 
However, since these fields ccannot generally 
be seen, felt or heard, a means of detecting 
them may be useful to those who wish to 
minimise their exposure to this sort of risk. This 
relatively simple and inexpensive unit gives 
both an audible and visual (I.e.d. bargraph) 
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Dirt on model railway track often produces erratic train speed and can cause a low speed train to 
come to a grinding halt. High quality controllers are less prone to this problem than very basic 
types, but if a significant length of track is affected, contact can be lost with the train, and it willcome 
to a halt. | 1 BAA 3 

The best solution to the dirt problem is to simply keep the track scrupuously clean, but this can 
be quite difficult and time consuming. An alternative approach is to keep the track as clean as 
reasonably possible, and to use an electronic track cleaner to “zap” any remaining small amounts 
of dirt on the tracks. 

This “zapping” is done by applying a high voltage across the tracks when the train goes out of 
electrical contact with the track. Although using a high voltage across the tracks might seem to be 
dangerous, this voltage is at a high impedance. The available current is therefore very low, and the 
equipment is incapable of giving even a moderate electric shock or of damaging the train. 


MOVING DISPLAY METRONOME 


The traditional mechanical metronome, with its weighted swinging-arm provides an audio and 
visual indication of beats per minute, but many simple electronic metronomes often overlook the 
visual aspect, with at best, a flash from an I.e.d. on every beat. This project fills this shortfall. It is 
based on a 4067 16-channel analogue multiplexer/demultiplexer with a ten l.e.d. display. 

When the arm of a mechanical metronome swings from side to side it appears to slow down 
towards the end of its travel. To simulate this motion electronically, the outer |.e.d.s of the display 
stay on for longer. This produces an effecctive moving dot display similar to its mechanical counter- 
part. The metronome “clicks” are produced by a piezo electric buzzer. 
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HART KITS give you the opportunity to build the 


| very best engineered hifi equipment there is, 
' designed by the leaders in their field, using the 
' best components that are available. 


Every HART KIT is not just a new equipment ac- 
quisition but a valuable investment in knowledge, 
giving you guided hands-on experience of modern 
electronic techniques. 

In short HART is your ’friend in the trade’ giving 
you, aS a knowledgeable constructor, access to 
better equipment at lower prices than the man in. 
the street. 

You can buy the reprints and construction manual 
for any kit to see how easy it is to build your own 
equipment the HART way. The FULL cost can be 
credited against your subsequent kit purchase. 
Our list will give you fuller details of all our Audio 
Kits, components and special offers. 


AUDIO DESIGN 80 WATT POWER AMPLIFIER. 


This fantastic John Linsley Hood designed 
amplifier is the flagship of our range, and the ideal 
powerhouse for your ultimate hifi system. This kit 
is your way to get £K performance for a few tenths 


of the cost!. Featured on the front cover of 
‘Electronics Today International’ this complete 
stereo power amplifier offers World Class perfor- 
mance allied to the famous HART quality and ease 
of construction. John Linsley Hood’s comments on 
seeing a complete unit were enthusiastic:- ‘‘The 


_ external view is that of a thoroughly professional 
_ piece of audio gear, neat elegant and functional. 


This impression is greatly reinforced by the 


_ internal appearance, which is redolent of quality, 
both in components, and. in layout.’’ Options 


include a stereo LED power meter and a versatile 
passive front end giving switched inputs using 
ALPS precision, low-noise volume and balance 
controls. A new relay switched front end option 
also gives a tape input and output facility so that 
for use with tuners, tape and CD players, or 
indeed any other ‘flat’ inputs the power amplifier 
may be used on its own, without the need for any 
external signal handling stages. ‘Slave’ and 
‘monobloc’ versions without the passive input 


. Stage and power meter are also available. All 


versions fit within our standard 420 x 260 x 75mm 
case to match our 400 Series Tuner range. ALL six 
power supply rails are fully stabilised, and the 
complete power supply, using a toroidal trans- 
former, is contained within a heavy . gauge 
aluminium chassis/heatsink fitted with IEC mains 
input and output sockets. All the circuitry is on 
professional grade printed circuit boards with 
roller tinned finish and green solder resist on the 
component ident side, the power amplifiers 
feature an advanced double sided layout for 
maximum performance. All wiring in this kit is pre- 
terminated, ready for instant use! 


, RLH11 Reprints of latest articles.............000... £1.80 





K1100CM HART Construction Manual............. £5.50 


LINSLEY HOOD 1400 SERIES 

ULTRA HIGH-QUALITY PREAMP 
Joining our magnificent 80 Watt power amplifier 
now is the most advanced preamplifier ever of- 
fered on the kit, or indeed made-up marketplace. 
Facilities include separate tape signal selection 
to enable you to listen to one programme while 
recording another, up to 7 inputs, cross record- 
ing facilities, class A headphone amplifier, can- 
cellable 3-level tone controls and many other use- 
ful functions, all selected by high quality relays. 
For full details see our list. 


LINSLEY HOOD ’SHUNT FEEDBACK’ R.1.A.A. 
MOVING COIL & MOVING MAGNET 
PICKUP PREAMPLIFIERS 





Modern, ultimate sound systems are evolving 
towards built-in preamplifiers within or near the 
turntable unit. This keeps noise pickup and treble 
loss to a minimum. We now offer two units, both 
having the sonically preferred shunt feedback 
configuration to give an accurate and musical 
sound, and both having the ability to use both 
moving magnet and moving coil cartridges. 

Kit K1500 uses modern integrated circuits to 
achieve outstanding sound quality at minimal cost. 
The very low power requirements enable this unit to 
be operated from dry batteries and the kit comes 
with very detailed instructions making it ideal for the 
beginner. K1500 Complete kit with all components, 
printed circuit board, full instructions and fully 
FINISHED CASE...........cccccescscsrcsscsccssecscsercsesncereesenss £67.99 
SASL LICTIONS ONY iscicisvesirncssnscsasedcovantertatulceinpisnaiies £2.80 
Kit K1450 is a fully discrete component implementa- 
tion of the shunt feedback concept and used with the 
right cartridge offers the discerning user the ul- 
timate in sound quality from vinyl disks. Can be 
fitted inside our 1400 Preamp, used externally or as 
a standalone unit. It has a higher power require- 
ment and needs to be powered from our 1400 Series 
preamplifier or its own dedicated power supply. 
K1450 Complete Discrete Component RIAA Phono 


PRO RIND ised ers cera savii Cdeavvontdanddesneeinrsnioansled £109.58 
Factory Assembled and Tested..................00 £159.58 
K1565 Matching Audio Grade Power Supply with 
potted toroidal transformer and_ limited shift 
SAFHING SYSTOM ears coo ecccscisescecvessesctneccsssseeceendete £79.42 
Factory Assembled and Tested..................... £118.42 
U1115 Power Interconnect Cable..................0: £7.29 
SPECIAL OFFER 
PRECISION Triple Purpose TEST 
CASSETTE TC1D. 


Are you sure your tape recorder is set up to give its 
best? Our latest triple purpose test cassette checks 
the three most important tape parameters without 
test equipment. Ideal when fitting new heads. 

A professional quality, digitally mastered test tape 
at a price anyone can afford. 

Test Cassette TC1D Our price only £10.99 


DISK-COUNT Classical CD’s. 

Many New Titles This Month 
Top quality, Full Digital (DDD) Compact Disks of the 
great classical favourites. Like everyone else we 
didn’t like the idea of paying silly prices for CD's. 
After a long search we have now located a source of 
top quality classical recordings at prices that make 
you suspect the quality — until you try them! Send for 
our list of titles. 


HART PCB SOLDERING PRACTICE KIT 


Your chance to learn or try your soldering skills on a 
real Hart printed circuit board! This kit comes with a 
range of modern components, a typical Hart quality 
PCB, a roll of the correct grade of solder and your 
full learning guide. It enables the enthusiast who 
is uncertain of his, or indeed her, ability to put to- 
gether and solder a printed circuit to try their hand 
first at minimum cost. 

The instructions explain the right technique and 
guide even an absolute beginner through the seem- 
ingly daunting, but in fact very simple, art of making 
a good soldered joint. 

The Hart Printed Circuit Board Soldering Practice 
Kit represents excellent value for money at only 
£4.99 





Send or ‘phone for your copy of our FREE List of these and many other Kits & Components. Enquiries from Overseas 
customers are equally welcome, but PLEASE send 2 IRCs if you want a list sent surface post, or 5 for Airmail. 
Ordering is easy. Just write or telephone your requirements to sample the friendly and efficient HART 








get your order on its way to you THAT DAY. 


QUALITY 
AUDIO KITS 


896 


. service. Payment by cheque, cash or credit card. A telephoned order with your credit card number will 
- Please add part cost of carriage and insurance as follows:-INLAND Orders up to £20 - £1.50, 


Orders over £20 - £3.50. Express Courier, next working day £10. 
OVERSEAS - Please see the ordering information with our lists. 


24 hr. SALES LINE [ALL PRICES 






x » HART AUDIO KITS —- YOUR VALUE FOR 
MONEY ROUTE TO ULTIMATE HI-FI | 


TECHNICAL BOOKSHELF 


The Following are a Small Selection of the Books we 
Offer. Full Details are in our Free List. 


“THE ART OF LINEAR ELECTRONICS”, John 
Hood. 
Just Out! Hot Off the Press, the definitive electronics 
and audio book by the renowned John Linsley Hood. 
This 300+ page book will give you an unparalleled 
insight into the workings of all types of audio circuits. 
Learn how to read circuit diagrams and understand 
amplifiers and how they are designed to give the best 
sound. The virtues and vices of passive and active 
components are examined and there are separate 
sections covering power supplies and the sources of 
noise and hum. As one would expect from this writer 
the history and derivation of audio amplifier circuitry 
have an entire chapter, as does test and measure- 
ment equipment. 
Copiously illustrated this book is incredible value for 
the amount of information it contains on the much 
neglected field of linear, as opposed to digital, elec- 
tronics. Indeed it must be destined to become the 
standard reference for all who work, or are interested 
in, this field. 

SPECIAL OFFER. With each book purchased you may » 
request a FREE extended index, written by the Author, 
exclusively from HART. 

0-7806-0868-4 


Linsley 


£16.95 


Cee ee PPC ee PCCP Pere rer errr reece eer) 


Don't forget most of our kits have reprints of articles. by — 


John Linsley Hood that you can purchase separately. 


“TOWERS’ INTERNATIONAL TRANSISTOR 
SELECTOR”. This will: give you the specification, pin 
connections, case outline, manufacturer, equivalents 
and substitutes for over 27,000 European, American — 
and Japanese transistors. Latest update 4 offers over 
2,000 new entries plus surface mount cross index. 

1990 432 Pages. 247 x 173. 

OS MOG saikincantinbtdulnauatedepspociacinesnssaenannvasens £19.95 


“DIGITAL AUDIO AND COMPACT DISC 
TECHNOLOGY” 2nd Edition. Baert, Theunissen 

and Vergult. (SONY Europe). 

A thoroughly well written book. covering the whole 
field of recording media starting with the Phonograph 
right through to modern professional: PCM digital 
recording systems with particular and extensive 
coverage on the compact disc. All aspects of the 
recording and reproduction processes are explained | 
with separate chapters on such things as compact 
disc encoding and the use of cross_ interleave 
Reed-Soloman error correction code (CIRC). This 
book is of course essential reading for engineers and 
students involved in the field but its very low prices 
makes it ideal for the enthusiast of recorded music 
who wants to know more about the hidden processes 
going on in his CD player. 

1992/94 248 Pages. 247 x 190. 

0-7506-0614-2 


INTRODUCING DIGITAL AUDIO CD, DAT AND 
SAMPLING 2nd Edition. lan R. Sinclair. 

For enthusiasts, technicians and students. 

Covers CD and DAT, Philips DCC and Sony Mini Disc, 
the digital techniques involved are explained non- 
mathematically. an 

Digital audio involves methods and circuits that are 
totally alien to the technician or keen amateur who 
has previously worked with audio circuits. This book 
is intended to’bridge the gap of understanding for 
the technician and enthusiast. The principles and 
methods are explained, but the mathematical back- » 
ground and theory are avoided other than to state the 
end product. This second edition has been updated 
to include sections on oversampling methods and 
bitstream techniques. The opportunity has also been 
taken to add a glossary of technical terms. 

1992 168 Pages. 217 x 138. 64 line drawings. 

ISBN 1870775 22 8 


“THE ART OF SOLDERING’”’, R. Brewster. 

Absolutely essential reading for anyone who ever 
picks up a soldering iron. Written from knowledge 
gained in a lifetime in the field, this is the first book 
ever solely devoted to this essential and neglected 
skill for all electronic enthusiasts. Covers everything 
from the correct choice of soldering iron and solder 
to the correct procedures to follow with many illustra- 
tions and practical exercises. 

0-85935-324-3 


“HOW TO USE OSCILLOSCOPES & OTHER TEST 
EQUIPMENT’, R.A. Penfold, 112 pages. 178 x 111. 
Publ. 1989. 

BP267 


Postage on Single Books is £1.50 except for The Art of Linear 
Electronics, Digital Audio and Compact Disc Technology and 
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- The Towers International Transistor Selector which are £3.50. 


Two, or more, books are only £4.50, any size, any quantity. 
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NEW S2+4-76 Logic Analyser 


Pocket sized 16 channel Logic Analyser 


with power 
supply and cables £219 


ADE-10 
1 Channel 8 bit 


@ Lowest cost 
@ Up to 22kHz sampling 
@ 0 -5V input range 


The ADC-10 gives your 
computer a single 
channel of analog input. 
Simply plug into the 
parallel port and your 
ready to go. 


4DE-10 with 
PicoScope £49 


PicoScope & 
PicoLog £59 


Carriage UK free, 


@ Connects to PC 
serial port, ideal 
for desktops or 
notebooks. 


Supplied with 
easy to use 
software, 


power supply 
and cables. 


High Speed 
-up to 50MHz 
sampling. 


Internal and 
external clock 
modes. 


8K Trace Buffer. 


AADE-17 
11 Channel 10 bit 


@ Digital output 
@ Up to 18kHz sampling 
@ 0 -2.5V input range 


The ADC-11 provides 
11 channels of analog 
input in a case slightly 
larger than a matchbox. 
It is ideal for portable 
data logging using a 
“notebook” computer. 


ADE-17 with 
PicoScope £85 


PicoScope & 
PicoLog £95 


Overseas £6 


Oscilloscope Probes ( x1, x10) £10 
Existing ADC 10/11/12/100 users can add PicoLog for £25 


VISZ 








Tel: 
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O Virtual Instrument 
annel 12 bit resolution 


Digital Storage Scope 
Spectrum Analyser 
Frequency Meter 
Chart Recorder 

Data Logger 
Voltmeter 


-100 offers both a high 
sampling rate (100kHz) and a high 
resolution. It is ideal as a general 
purpose test instrument either in the 
lab or in the field. Flexible input 
ranges (+200mV to +20V) allows the 
unit to connect directly to a wide 
variety of signals. 


4ADE-100 with PicoScope £199 
with PicoScope & PicoLog £209 | 


AOE-12 
1 Channel 12 bit 


@ High resolution 
@ Up to 17kHz sampling 
@ 0 -5V input range 


The ADC-12 is similar to 
the ADC-10 but offers an 
improved 12 bit (1 part 
in 4096) resolution 
compared to the ADC- 
10's 8 bit (1 part in 256). 


ADE-12 with 
PicoScope £85 


PicoScope & 
PicoLog £95 


AOE-16 
8 Channel 16 bit+sign 


@ Highest resolution 
@ 2Hz sampling - 16bit 
@ + 2.5V input range 


The ADC-16 has the 
highest resolution of the 
range, it is capable of 
detecting signal changes 
as small as 40 pV. Pairs 
of input channels can be 
used differentially to 
reject noise. Connects to 


serial port. 


withPicoLog £115 — 


ADC-10 Simply plug into the parallel port 


and your ready to go. 


ax: 





Pico Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 70J 


01954 - 211716 01954 - 211880 































‘Take the 


Quickroute 


to successful PCB & 
Schematic Design _ 















Design PCBs and Schematics quickly =P Of zQ Xx S 
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1995 catalogue - 196 pages of 


stunning offers. only £2, or free with order 


Remote Control Deal | POWER SUPPLY 
| 4 ~ Just purchased a few thousand TV/VCR a ARG Al RJ 


| remote controls - and what a mixture ponte: 
they are. All brand new, they fall into ne of the best power supplies we've 
cy “y seen for the money - this 397 watt 


three broad categories - (a) basic; (b) 
se ; : switch mode bea is of. the highest 
with LCD and (c) the bells and whistles | Quality, made by nee Beh gi 


as = brigade. Unfortunately, most manufac- | Removed from equipment, but in ex- 
Mm turers’ seem reluctant to print their | cellent condition (less than a year old!) 
= name on these handsets, so we haven't | the unit is totally enclosed in a steel case 
~ a clue for which machines they are in- | 340x152x152mm. It has an IEC mains 


: ; inlet with suppressor fitted and on/off 
pees eee ee ee “my mains sabipeperers and all spate A 
give some idea. Being realistic, we're | on leads with power connectiors. 
aware not many of these will be wanted | Now for the spec: 

- as replacements in any case, but just for | Inputs: 100-120V @ 10A 

® the spare parts, and the low prices re- | or200-240V @ 6A 
= flect this. In order to shift them fairly | switchable 
quickly, we've decided to offer them 










































































25887 Amongst the oile of ‘Ties i in Tins’, 
we've discovered something for the ladies 
- pure silk scarves. Identical tin, but the 
68cm square 100% silk scarf by Camelia 
James (by appointment to the Queen, no 
less) is in a attractive grey-blue with darker 
blue border. The scarf alone would 
probably sell for a tenner - our price for this 
beautiful silk sqaure and the tin is just 
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on front panel. | 







™ (wait for it, wait for it) in a PACK (What a | Outputs: 
es surprise). Yes, another amazing | *5V@40A 
~ GREENWELD offer. Enough buttons to | *12V@ 15A 
~. zap the world! “5V@ 1A 
-12V@ 1A a 





















A 12V DC 120x120mm fan is fitted at 
the rear of the case. Current distributor 
price of the a unit of this ilk would be 
around £400! 


price £29.95 


Code Man’r Type Lang Description Price 
(a) Basic controller with no display - all take 2 x AAA cells 

25875 RCO7 F 20 buttons £2.00 
25876 RCO8 E 34 buttons £2.00 
25877 E 35 buttons £2.00 
25878 RC44 F 37 buttons £2.00 
(b) Controller with LCD - all take 2 x AA cells 

















FM1 Just 20mm thick and 45mm dia, 
this receiver has auto-seek tuning - keep 
pushing the button till you reach the 
Station of your choice. Uses 3V lithium 








































































battery (supplied), and comes with twin} 25879 Matsui VX2700 E 39 buttons £3.00 9 . 
earphones. athe RCD 37 batons £3 00 SAVE 92%! Order Code: ae 
25881 RCF uttons 3.00 , 
; a ee SD 25882 RCK E 36 buttons £3.00 AccuCard' 
25883 RCL E 38 buttons £3.00 
25884 RCW E 24 buttons £3.00 UN INTERUP Y IBLE 
25885 = EasyP E 40 buttons inc. Sat £4.00 
25886 Two E 49 buttons. For twin POWER a PP LY 
deck VCR £5.00 : 
(c) Controllers with LCD and extras 
23762 Standard BT Z5887 Show 45 buttons. With 
e relay - our type - View jog/shuttle control 
~ excep : 25888 VXL12 E 32 buttons, With built 









coil. Usually £1.95. © 
Special Bargain Price 


£1.00 1% 


ELECTRONIC 
ANTI-DAZZLE 
MIRROR 


CLIPSE 


Removes headlight dazzle from behind 
Dips in 1/10 second 

Sensitivity selector 

Battery operated, easily fitted 
Complete with accessories 


in speech chip giving 

instructions. Also acts 

as talking clock, giving 

day and time at the touch 

of a button. 4 x AA cells £9.95 
25889 G As above £4.95 
25890 F As above £4.95 














For all IBM and 100% 
compatible PCs up to 386 


%€ Low cost alternative to expensive bulky ex- 
ternal PSU 

¥ Occupies only 6k of memory 

%€ Uses only one half card slot 

% Provides DC power to all internal system 
components 

%€ On board logic and memory chips 

¥€ Automatic self-diagnostics run on the board, 
battery and software every time system is | 
booted up 

%& Easy USER installable directions 

%€ Protects against DC power supply failure 

% Protects against accidental unplugging or 
switching off 

%€ Supplied complete with cable and connectors 
and software on 3.5” disk 


Please note this card will not support disk doubling or space 
Saving software 
This essential piece of kit has a current 
list price of £213.85 - we have 
@ few hundred only at just 


£°G9.95 


Order Code Z9252 


MINI EXTN SPEAKER 


25740 Plastic housing 
100x75x73mm with 1.5m 
lead fitted with 3.5mm plug. 
Ideal for plugging into ear- 
piece of cheap radios for a 
massive improvement in 
sound quality, and great, 
too, for multimedia com- 
























E = English; F = French; G = German 


SCOPE CLEARANCE! 


Few only Hitachi Oscilloscopes to clear! We are discounting 
these owing to ever increasing prices and decreasing sales 


Model List Clearance 
V2Z12 £399 £350 
OrderCode:zse83 6 INY223 £599 £450 
£7.95 “e"elw522 £745 £575 
A range of videos of interest to railway en- V5 2 i £999 (ow 4 a Pp 


thusiasts, all at the same price - £7.95 
anastasia Phone Nos: SALES 01703 236363: Technical 325999: 
Accounts 231003; Fax (All depts) 236307; FaxOnDemand 236315* 


25878 Vintage Steam Scrapbook Vol 1 
“To obtain latest lists, info etc, just dial 0703 236315 from any fax machine and follow instructions. 


25879 Vinatge Steam Scrapbook Vol 2 
(b) Romney Hythe & Dymchurch R 
ol 1 off and gts prices include VAT, qty prices do not. P&P £3 per 
er (£9.50 next oo Min Credit ard £12; Official Orders 












































































































25880 Vintage Steam Remembered Vol 
2588 1 Vintage Steam Remembered Vol 
75882 Vintage Steam Remembered Vol 











- min invoice charge £15. Payment 
accepted by cheque, PO, cash, book 
tokens, Access, Visa, Connect. Our 


GREENWELD vert from Educa 


ELECTRONIC 
















(c) Miscellaneous COMPONENTS "VISA eee oe are cai fon bee flap gan 
‘ Rea. sa ee 35mm st 

25883 Vintage American Locos | 8-5.30 Mon-Sat. Come and see us! with each pair Papas re 

75884 GWR PRICE PER PR 


25885 The Last British Trains - Blackpool 


27D Park Road Southampton S015 3UQ ED _ OS storys ote uy) 12 











BTEC 
Certificated 


DISTANCE LEARNING COURSES 


TUTOR 
Supported 





Update and reskill at home or in your workplace training centre with these highly 
practical industrially approved short courses. There is no travelling so commence at 


any timeon.... 


Electronic Testing & Fault Diagnosis 
Analogue Electronics 
Digital Electronics 
Fibre/Optoelectronics 
Programmable Logic Controllers 





Courses are supplied with NCT training workbooks, audio cassette lecturettes, PCB’s, 
instruments, tools, components and leads as necessary for each course. Continuous 
tutor support and BTEC certification is available as an option from NCT. Individual 
course certificates can be credited towards a BTEC Continuing Education Certificate 
which is at NVQ level 4. For the latest information on courses and yous options write or 


telephone: 


National College of Technology, NCT Ltd., PO Box 11 
Wendover, Bucks. Tel: (0296) 624270 


AT LAST. A comprehensive, easy to follow 
guide to building short range transmitters 
and surveillance devices. Packed with 
useful information and circuits. 

* Only £3.95 inc p&p. 


(Some of the circuits included cannot be used legally 


mie UK KITS 


All kits come with pre-drilled PCBs and high spec. 
components. 


MICRO FM TRANSMITTER (a). 1 mile range, 80-100MHz 
preset inc. mic., very small (2*3cm) £6.95 
MICRO FM TRANSMITTER (b). Variable mic. sens., tunable 90-110MHz. 
1 mile range £7. 
FM TRACKER. Transmits an audio tone for direction finding, tracking etc. 
80-110MHz €£s. 
| FM RECEIVER (a). Tiny high quality FM radio. Will drive headphones 
direct (not inc) £10.90 
FM RECEIVER (b). As (a) but with 3 watt audio output and tuningLED £12.60 
CRYSTAL RADIO. Includes tuner, earphone, ferrite aerial, etc. £6.90 
AM RADIO. Single chip radio for headphones (not inc.) £8.90 
AUDIO POWER AMPS 3 WATT low cost for intercoms etc £4.95 
15 WATT General purpose upgrade £8.95 
40 WATT High quality, HD 0:003%, switch 
on mute ideal for compact disc £15.50 
150 WATT Rugged and powerful MOSFET 
design. PA/sound systems £22.95 


PREAMPS ETC 

GENERAL PURPOSE PREAMP. Variable gain 9-25V 40mV max in £4.00 
ULTRA LOW NOISE. For high quality mixers, mics etc 9-25V £4.50 
SMALL SIGNAL. Sensitive FET preamp for piezo transducers £3.90 
ACTIVE TONE. 12dB c/b bass and treble with variable gain £8.95 
7 BAND EQ. 150Hz-18KHz for EQ units and tone control, 

includes on-board preamp and pots. Variable gain £12.95 
NOISE GATE. Dynamic noise reduction system. Variable input 

and cut off level. Will accept instruments, tape decks etc £15.95 
MUSIC KITS. Full range of on-board units for guitars and other instruments. 

Tone boosters, active circuitry, transducers. Send for list. 
Prices include P&P. Mail Order Only. Make cheques and postal orders payable to: 


JCG 


PO Box HP79, Woodhouse Street, Leeds LS6 3XN 
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SYSTEM 200 DEVICE PROGRAMMER 


SYSTEM: Programs 24, 28, 32 pin EPROMS, | 
EE-PROMS, FLASH and Emulators as 
standard, quickly, reliably and at low cost. 


Expandable to cover virtually any 
programmable part including serial E2, 
PALS, GALS, EPLD’s and microcontrollers 
from all manufacturers. 





DESIGN: Not a plug in card but connects to the PC 
serial or parallel port; it comes complete 
with powerful yet easy to control software, 


cable and manual. 





SUPPORT: UK design, manufacture and support. 
Same day dispatch, 12 month warranty. 


10 day money back guarante 





ASK FOR FREE 
INFORMATION 
PACK 


Oo | 


MQP ELECTRONICS Ltd. | 
Unit 2, Park Road Centre, IRELAND 1-2800395 
Malmesbury, Wiltshire, SN16 OBX UK SWEDEN 08-590-32185 
TEL. 0666 825146 FAX. 0666 825141 Also from ELECTROSPEED UK 


~ GERMANY seb 


NORWAY 0702-17890 
ITALY 02 92 10 3554 
FRANCE (1)69.41.28.01 
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All Prices 
include V.A.T. 
Add £3.00 per 


135 Hunter Street 
Burton - on - Trent KN 
Staffs.DE14 2ST uiem 





ELE Cc RO Nl ‘Cc Ss “LTD 











Tel 0283 565435 Fax 546932 EE150 


order p &p 
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--- OFFICIAL ORDERS WELCOME 





Fe EBE MICROCONTROILLERE 


EPE MICROCONTROLLER 
P|. TREASURE HUNTER! 


t The latest MAGENTA DESIGN — highly | 

stable & sensitive — with pC control | 
I of all timing functions and advanced I 
| pulse separation techniques. l 


I @ New circuit design 1994 


I @ High stability 
I = drift cancelling 


I @ Easy to build 
i &use 


I @ Noground 











g @ Efficient quartz controlled 
microcontroller pulse generation. 


g @ Full kit with headphones & all 


, hardware and par ee oo a 
parts. t i i 

p KIT 847.........ccccsorivcr o£ 63.95 1994 EPE. An essential piece 

—————_———————_ of equipment. 

DIGITAL LCD THERMOSTAT _ KIT 845............ £64.95 


A versatile thermostat using a thermistor probe and 


having an l.c.d. display. MIN/MAX memories, -10 ULTRASONIC PEsT SCARER 


to 110 degrees celsius, or can be set to read in 


Fahrenheit. Individually settable upper and lower Keep pets/pests away from newly 


switching temperatures allow close control, or alter- 


natively allow a wide ‘dead band’ to be set which SOWN areas, fruit, vegetable and 
can result in substantial energy savings when used flower beds, children’s play areas, 


patios etc. This project produces 
brewing, etc. Mains powered, 10A SPCO relay out- intense pulses of ultrasound 
which deter visiting animals. 


with domestic hot water systems. Ideal for green- 
house ventilation or heating control, aquaria, home 


put. Punched and printed case. * 


KIT 841.........cccccc ec eee ee eees £29.95 @KITINCLUDES ALL | 
PORTABLE ULTRASONIC = ¢ ee &CASE |= 
PEsT SCARER 
A TRANSDUCER OUTPUT @ UPTO 4 METRES 
powerful 23kHz ultrasound generator in a com- 
pact hand-held case. MOSFET output drives a @ COMPLETELY INAUDIBLE RANGE 
special sealed transducer with intense pulses via TO HUMANS @ LOW CURRENT DRAIN MKI 


a special tuned transformer. Sweeping frequency 


output is designed to give maximum output with- KIT Ref. 812 


out any special setting up. 


PSG 2is ascrsitemcisiraineven £22.56 « 


DIGITAL CAPACITANCE 
METER 





I effect, works 

§ in seawater Based on our rh and 
oy. preserving all the features, 

i @ Detects gold, but now with switching 

i silver, ferrous & F pre-regulator for much 

i non-ferrous higher efficiency. Panel 

j metals meters indicate Volts and 


Amps. Fully variable down to 
zero. Toroidal mains trans- 
former. Kit includes punched 


up to 200 Megohms. 


MOSFET Mklil VARIABLE BENCH 
POWER SUPPLY 0-25V 2:5A 


plied with a punched and printed front panel, case, D.C. supply and printer lead. 


p.c.b. and all components. Quartz controlled ac- ; ; 
curacy of 1%. Large clear 5 digit display and high KIT 846 (with 2 motors) ....... £62.99 (Printer lead £5.00) 


speed operation. Ideal for beginners — as the pF, hF IONISER 


and pF ranges give clear unambiguous read out of 


marked and unmarked capacitors from a few pF up_A highly efficient mains powered Negative lon Generator that clears the air by 
- neutralising excess positive ions. Many claimed health benefits due to the ioniser 

removing dust and pollen from the air and clearing smoke particles. Costs virtually 

nothing to run and is completely safe in operation. Uses five point emitters. 


SAE OF Peeper Peers coenr er res oe eee Pere £17.75 


to thousands of pF. 


LEE: kare eee £39.95 
ACOUSTIC PROBE 


A very popular project which picks up vibrations by 
means of a contact probe and passes them on to a BAT D ETECTO R 


pair of headphones or an amplifier. Sounds from An excellent circuit which reduces ultrasound frequencies between 20 and 100 kHz 


1000V & 500V INSULATION FspacewRITER G&S 
TESTER 


Superb new design. Regulated 
output, efficient circuit. Dual- g UP to 16 digits long. Comes pre-loaded * 
scale meter, compact case. Reads 


Kit includes wound coil, cut-out 








(tremeeeenasaewe  sieudutaghitalieeanedtedwexamnaavuente | 4.81 developed & 


‘COMSTEP’ P.C. COMPUTER STEPPING 
MOTOR INTERFACE 


An exciting project supplied with two 200 step motors, interface board, andeasy MOSFET coil drive. 
to use P.C. software. 
| Allows independent control of both motors — speed, direction, number of steps, amplification 
A really professional looking project. Kit is sup- and half/full step mode. Connects to computer parallel port. Requires 12V 1A ' 









An innovative and exciting . <a 
project. Wave the wand through — 
the air and your message appears. “ie 
Programmable to hold any message 


with “MERRY XMAS". Kit includes 
§ PCB, all components & tube + 
instructions for message loading. 


case, meter scale, PCB & ALL KIT B49... eee E Pacha 
components. 12V EPROM ERASER 
KIT 848............cccc eee £32.95 A safe low cost eraser for up to 4 EPROMS ata time 


in less than 20 minutes. Operates from a 12V supply 
(400mA). Used extensively for mobile work - up- 
dating equipment in the field etc. Also in educa- 
tional situations where mains supplies are not al- 
lowed. Safety interlock prevents contact with UV. 


Re: A ree Sener £28.51 


MOSFET 25V 2.5A 
POWER SUPPLY 


High performance design has made this one of our 
classic kits. Two panel meters indicate Volts and 
Amps. Variable from 0-25 Volts and current limit 
control from 0-2:5A. Rugged power MOSFET out- 
put stage. Toroidal mains transformer. 


SUR ss errr «se-£,06.82 
INSULATION TESTER 


A reliable and neat electronic tester which checks 
insulation resistance of wiring and appliances etc., 
at 500 Volts. The unit is battery powered, simple 
and safe to operate. Leakage resistance of up to 
100 Megohms can be read easily. A very popular 
college project. 


UES Seer rere £22.37 
DIGITAL COMBINATION LOCK 


Digital lock with 12 key keypad. Entering a 
four digit code operates a 250V 16A relay. 
A special anti-tamper circuit permits the relay 
board to be mounted remotely. Ideal car immobi- 
liser, operates from 12V. Drilled case, brushed 
aluminium keypad. 


FUT err vaiasshersrcsecancersntees £19.86 


E.E. TREASURE HUNTER 
P.|. METALDETECTOR gp 



















Magenta’s highly 


acclaimed design. 
Quartz crystal 
controlled circuit 


D.C. coupled 


Full kit includes 
PCB, handle, 
case & 

search coil. 


@ KIT INC. 
HEADPHONES 


@ EFFICIENT 
CMOS DESIGN 


@ POWERFUL COIL 
DRIVE 


@ DETECTS FERROUS AND 
NON-FERROUS METAL - GOLD, 
SILVER, COPPER ETC. 


engines, watches, and speech travelling through to the normal (human) audible range. Operating rather like a radio receiver the circuit 
walls can be amplified and heard clearly. Useful allows the listner to tune-in to the ultrasonic frequencies of interest. Listening to Bats @ 190mm SEARCH COIL 


for mechanics, instrument engineers, and nosey _ 's fascinating, and it is possible to identify various different types using this project. @ NO ‘GROUND EFFECT’ 


parkers!. 


Other uses have been found in industry for vibration monitoring etc. 


BUT AO, ahte ees vinssrnercsctic iN SO arcs pecrtassvenraiadeteemececetcecendeapemeriale £21.44 KIT 815 


























HAMEG HM303 30 MHz 
DUAL TRACE OSCILLOSCOPE & 
COMPONENT CHECKER 


Western Europe's best selling oscilloscope - now improved. 
It now features 30MHz bandwidth, triggering to 10OMHz 
and 2mV/div sensitivity. 

Sharp bright display on 8 x 10cm screen with internal 
graticule. Special component tester built in — allows 
Capacitors, resistors, transistors, diode, and many other 
components to be checked at a glance. 

As with its predecessor, the QUALITY OF THIS INSTRU- 
MENT IS OUTSTANDING. It is supported with a two year 
warranty covering parts and labour. If you are buying an 
oscilloscope, this is the one. It costs a fraction more than 
some others, but it is far far superior. Supplied with test 
probes, mains lead, and manual. 


£392.00 + £68.60 VAT Includes FREE 
heques m be cleared 





Next-day delivery 


902 


EDUCATIONAL BOOKS & PACKS 
ADVENTURES WITH ELECTRONICS 


The classic book by Tom Duncan used throughout 
schools. Very well illustrated, ideal first book for age 10 
on. No soldering. Uses an S.DEC breadboard. 


Book &Components £28.95, Book only £7.25 


FUN WITH ELECTRONICS 


An Usborne book, wonderfully illustrated in colour. Com- 
ponent pack allows 6 projects to be built and kept. Sol- 
dering is necessary. Age 12 on, or younger with adult 
help. Book & Components £20.88, Book only £2.95 


30 SOLDERLESS BREADBOARD PROJECTS 
A more advanced book to follow the others. No soldering. 
Circuits cover a wide range of interests. 

Book & Components £30.69, Book only £2.95 





DC MOTOR/GEARBOXES 


Ideal for robots, buggies, 
and many other mechanical 
projects. Min. plastic gearbox 
with 1.5-4.5V DC motor. 6 
ratios can be set up. 4 


Small type MGS....£4.77 


STEPPING MOTORS 


For computer control via standard 4 pole unipolar 
drivers. 


MD38 - miniature 48 steps per rev 
MD35'4 - standard 48 steps per rev 
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MINI LAB KITS 





ALL COMPONENTS TO ASSEMBLE 
THE EPE MINI LAB. 


Follow this exciting educational series as 
featured in EPE through 1993. 
Full set of reprints ............ccsssscscssscseseeees £4.60 
Components are supplied in packs to keep 
ordering simple. 


A full MINI LAB consists of ML1, ML3, ML5, 
ML6. These are available at a special 


COMDINe Price Of.........ccscecsssssssensererssssseees £114.99 
or_ less the p.c.b. 
ML2, ML3, ML5, ML6 at................. £104.99 


The transformer unit ML4 is also needed....£21.45 


KIT ML1 MINI-LAB P.C.B. + all components 
inclusive of breadboard for 


POEL LOW, | 2) cokosscsssccsasesssivccssrateise £49.95 
KIT ML2 All Components for Part 1 less 

OC id cniminantpnbaneiac uses £39.95 
KIT ML3 Power Supply components........... £19.95 
KIT ML4 Transformer uniit..............ccceceeseeees £21.45 


KIT ML5 L.E.D. Voltmeter, signal 
generator, audio amplifier and 


DD UGE sencteterdie aie aan. £33.95 
KIT ML6 Logic probe, display, radio 
PUG! paicotssieancanianauen £17.95 


(Note: batteries not included) 
All prices include V.A.T. Add £3.00 p&p. 


Tel: 0283 565435 Fax: 0283 546932 
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MICRO LAB KITS 


ALL COMPONENTS TO ASSEMBLE 
THE EPE MICRO LAB. 


A 6502 Microprocessor trainer with many 
features. Accompanied by an excellent set 
of tutorial articles and a manual. 





Repair/fault-finding help assured when you 
buy your kit from us. 


Full MICRO LAB kit including PC Board, 
EPROM, PAL, & Manual. 
PT es eee eratensrieuniisiiadnn £149.95 
(Also available less PCB etc. if required). 


FUN SOU OTE DAINES isscatsseteonitseasigesinestsessis £3.00 


BUILT & TESTED 


Full MICRO LAB AS MIC1 (above) 
PM FE a itecssay sessvaltastoisosichiaiienstanteaeentartdines £179.95 
Professionally assembled, inspected, 
cleaned and tested. Full back-up service, 
spares, etc available. 





All prices include V.A.T. Add £3.00 p&p. 
Tel: 0283 565435 Fax: 0283 546932 


903 





ESR ELECTRONIC COMPONENTS 


Station Road, Cullercoats, 


Tyne & Wear NE30 4PQO 
Tel. 091 251 4363 Fax. 091 252 2296 


TRANSISTORS LINEAR ICs SOLDERING IRONS haem O1O]\\1)\\1 On RO] 51) 





74LS-Series 


74LS00 £0.22 


4000 Series 


4000 £0.17 





EPROMS & 
RAMS 

























Leta aan ara: th 40 2N1613 £0.31 BC186 £0.33 BD534 = £0.47. CA311E = £0.28 ee yr pie atti lrons eas BNC Solder Plug50R £0.93 
; 2N1711 £0.26 BC204C £0.72 BD535 £0.50 CA324 £0.35 ; att BNC Solder Plug75R «£0.96 
74LS02 £0.29. 4002, £0.17, 2N1893 £0.29 BC206B £0.72 BD536 £0.65 CA555 £0.25 2732 £4.84 ¢ 15Watt £8.18 BNC Gin Plc 50R £0.68 
74LS03. £0.14 4006 §=6 £0.40 §=—- 2N2218A £0.28 BC207C £0.72 BD646 £0.52 CA741CE £0.28 27128-20 £3.69 = |G i Qwat £8.41 
74LS$04 £0.14 4007 £0.18». 2N2219A £0.25 BC208 £0.72 BD648 £0.52 CA747CE £0.39 2764-25 £3.00 Cori. me. ChCUime rug es. § fdes 
74LS05 £0.14 4008 £0.31 2N2222A £0.18 BC209A £0.72 BDE50 £0.53 CA3046 £0.37 sea 56 beic xe 2eWen eg.41 BNC Solder Skt . = 
vases 94a Seto £033 assole EDGE Scso. £008 Sousr fap CANS) fogs Z1Elzk 0 AEF Sré Sun e841 Gucemmsce fm 
74LS10 £0.14 4011 £0.26 = 2N2905A £0.23 BC212LB £0.08 BDX32, £1.78 CA3130E £0.98 556556 90 £4.91 30 Watt Gas Iron £11.58 5 959 11mm £0.62 
74LS107 £0.23 4012 £0.16 2N2907 £0.20 BC213 £0.08 BDX33C £0.49 CA3140 £0.56 556519 ¢3566 _Gascat’ Gas Iron £15.28 & nn uae cocker £0.68 
‘174LS109 £0.21 4013 £0.24 2N2926 £0.16 BC213LC £0.08 BDX34C £0.50 CA3240 £1.22 Low Cost 15 Watt lron £3.93 eens 
27C010 ~=—s« £6.98 
74(S11 £0.17 4014 £0.30 2N3053 £0.27 BC214 £0.08 BDX53C £0.47 ICL7621 £1.70 6116.10 £1153 Desolder Pump £3.00 SOR UHF socket £0.45 
74/8112 £0.24 4015 £0.31 2N3054 £0.90 BC214L £0.08 BDX54C £0.50. ICM7555 £0.43 6964-10 £3.06 _Antistatic Pump £4.25 F Plug RG58 £0.30 
74LS113 £0.21 4016 £0.18 2N3055 £0.62. BC237B £0.09 BFI80 £0.31 ICM7556 £0.96 62256-10 £5.35 22S5WGO0.5KgSolder £7.40 FPlugRG6 £0.27 
yasiié fom Gor EOS Aheseo bap BcAsSC EEGG Geiss EOS LysuoN EEsT fl8K'%, ELZe Teswoosrgsue Enea Nrugnce 1.6 
41256-10 £2. 
valeio2 «Fe3t«4019.—« £0.48 -2N3703. «£0.10 BC251 £0.13 _BFI94 £0.19 LF35IN £0.43 511000-8 £5.61 1mm yds Solder £0.62 N Socket RG8 pp 
7418123 £031 4020 £0.31 2N3704 £0.10 BC252 £0.13 BF195 £0.19 LF353 £0.42 514256-8 £5.61 Desolder Braid £0.87 BNC Crimp Pliers £17, 
3408125 £021 4021 £0.31 2N3705 £0.10 BC261B £0.24 BF244 £0.35 LM358N £0.27 
yas East dz $022 JN ead ass 085 Ge] 8 ely ar rgri 
4023 £0.16 ; ; 
74LS13 £0.14 4024 0:21 °N3772 £151 BC307 £0.10 BF337 £0.36 LM381 £2.70 Photo Resist Aerosol Spray £4.47 = Transfer Eraser (Alfac) £0.55 
74LS132 £0.21 Developing/Etching Tray £1.35 Opaque Drafting Film (A4) £0.46/sheet 
4025 £015 2N3773 £1.79 BC308 £0.10 BF355 £0.38 LM386 £0.48 
74LS133 £0.36 0 , Plastic Tweezers £0.55 Tin Plating Powder 90g £12.93 
74 4026 £0.59 2N3819 £0.40 = BC327 = £0.10 BF423— £0.13, LM387——— £1.60 Transfer Spatular (Alfac) £0.70 PCB Polishing Block £1.84 
LS136 £0.16 = 4057, Ss ¢91g «= 2N3820 £0.66 BC328 £0.10 BF451 £0.19 LM392N £0.79 ng F; ; 
74LS138 £0.24 : Clear Drafting Film (A4 size) £0.44/sheet Small Knife + spare blade £0.39 
4028 £022 2N3904 £0.10. BC337. £0.10 BF459 £0.29 LM393N £0.28 . k 
74LS139 £0.25 5N3905 £0410 BC338 £010 BFAG9 £036 LM748CN £0.31 Ferric Chloride (0.5Kg) £2.45 Alfac Transfers — full range in stoc 
74LS14_ £0.25. 494g, fo17.. 2N3906 £0.10 BC414C £013 BFX29 £0.29 LM1458 £0.26 LV,Exposure Unit 2x8W ca. a ... -eeeeucuar 
74L8145 £0.66 4937 9.79 2N4036 £0.31 BC441 £0.40 BFX84 £0.31. LM3900 £0.72 TtnRes ten igh O) = £0.78 = (Book) BBO No 
74LS147 £1.26 4033 go.56 © 2N5296 £0.57 BC461 £0.40 BFX85 © = £0.32. -LM3914 £2.70 4 on £0.27. 81 80 £3.30 
ae oT 4034 £1.24 anew oe BC463. £0.29. BFY5O0 = £0.29._—«LM3915 rae Samet Bboun ©0950 {Tanne aim £3.74 
N6107 BC478 £0.32 BFY51 £0.26 MC3340 £1.60 
74LS151 £0.25 4049 0.29 AC126. «£0.30 BC479 «£0.32 BFY52 © £0.28 -MC4558 £0.36 _95mmx 127mm Vee 203mm a ae 
74LS153 £0.25 404, = ¢9.33-AC127=—s £0.30. BC490 = £0.24 §=BS107_—s £0.21 NE531 £1.56 770mm x 454nu £6.20  * Suspliedonrox Ne rae pci 
74LS154 £0.70 4o42 ss ¢g'22.-«-«AC128 «= £0.28 »= BC516 £0.22,» BS170 = £0.21‘ NE556N = £0.36 nile aaah thai cate bls wilt 
TALS155 £0.25 4043 £0.28 Acig, 0-88 BEBTZ =~ £0.20 BSW6G = £1.35 NESG7N £0.39 7 Emm Thick PHOTO RESIST GLASS FIBRE PHOTO RESIST PAPER COMP. 
74LS156 £0.36 = 4o4a £0.35 AC188 £0.37. BC527 £0.20 BU126 £1.70 NE5532 £0.80 Sj : , 
. ize Single Sided Double Sided Single Sided Double Sided 
748157 £0.22 4oae £0.31 ACY17 «£3.84 = C528 £0.20 BU205 £1.82 NE5S534 £0.60 | 2°, is e179 Pa bs -. ay 
74LS158 £0.21 4047 €9.25 40149 «£1.67 BC537_ £0.20 BU208A £1.24 TBA120S £0.90 | 2*°., eS 45 3.46 od 
7aLsied £048 ag fo.ag A018 £092 BCC £008 Huszsa £1.90 Tago, £068 | S13, | ERSR Ey £19 
74LS161 BU500 «£1.54 ; 0 
tea Fea 1080 F029 © BCI07_ £0.16 BC548C | £0.08 + BusogA £1.76 TDA2002 £1.04 | 19x12" £6.87 £9.81 £6.78 
x12 £9.09 £10.19 £6.83 £8.34 
0.43 COPPER CLAD UN-COATED 
748164 60.26 - 4052 £0.32. GciGnA fo4a. GBCocen ° Erne BU806 £1.36 Tie) ~— Fo.80 | 160x100mm £1.94 £2.20 £0.70 £0.74 
74L8170 £030 Joss Fone BCIOBC £016 BCOS7C £0.08 InFs40 e160 TLOB4 £0.72 | ZoKidomm foes S88 e100 £1.05 
BC558 0 TLO71CP : 
74LS173 £0.24 4055 = £0.34.» BC109c.:«£0.17 -BCSS9C £0.08 ys : Le TLO72CP £0. 68 233x220mm £5.67 £6.41 £2.38 £2.52 
TALS175 £0.28 = 4063 £0.29 BC115 £0.41. BC637— £0.21 aajo501 £1.60 TLO8! £0.33 
vateior EOsn 4006 = £0-24  BC116 = £0.41 BC63B_ £0.21 yy3001 £1.80 TLOB2CP £0.54 CAPACITORS SWITCHES 
7418192 £0.42 406s fore SCli8 £941 BC639 £0.21 ye340 £0.40 TLOg4 £0.63 Ceramic Mini Disc 100 & 63V 3amp 250v 6.4mm ¢ mounting 
F £0.5 
74LS193 £0.24 4069 £0.20 BC134 £0.36 BCY70 £0.21 MESO £0.82 A533 60.64 He glee os ee a eipe 
74LS195 £0.24. 4070 £0.17 BC135 £0.36 BCY71 £0.20 MPSA13 £0.12 ULN2003 £0.52 1 pF 1nF £0.06, 1n2-2n7 £0.07, SPDT Toggle 0.6 
74LS196 £0.24 4071 £0.22 BC140 £0.25 BCY72 £0.20 MPSA42 £0.17 ULN2004 £0.48 3n3-4n7 £0.12, SPDT CO Tog £0.64 
74LS197 £0.24 4072 £0.17 BC141 £0.27 8D135 £0.20 MRF475 £7.28 Jraia7z £1.16 10n & 12n £0.07 DPDT Toggle £0.68 
74LS20 £0.16 4073 £0.17 C142 £0.31 -BD136 «£0.21 TIFIZ) «= £0.35 7Ng25e £4.68 Polystyrene 160V 5% 47pF to 10nF DPDT CO Toggle £0.76 
74LS21 £0.14 4075 £0.17 BC143. £0.34 BD137 £0.23 TIFI22 £0.37 7Na26e £3.03 47p-2n2 £0.09, 2n7-10n £0.12 DPDT CO Toggle 
74LS22_ £0.14 4076 = £0.30 BC149° £0.21 = BD138 = £0.22) 415155 Fogg ZN427E = £8.82 D CONNECTORS _ (biased) £1.20 
74L$221, £0.40. 14077, £0.17. BC154 £0.36 BD139 £0.23 115135 Fogg ZN428E «£6.12 | DCONNECTORS _s Aenea Toggle 
74LS240 £0.32 4078 £0.20 BC157 £0.12 BD140 £0.26 TF f0ag ZN435E «£6.19 Plug Socket (biased 1 way) £1.20 
74L8241 £0.32 4081 £0.22 BCI59 £0.12 BD150C £0.82 1 apy 0.46 7N448E £7.50 9 Pin £0.29 £0.30 DPDT mini slide £0.15 
7418242 £0.32 4082 £0.21 BC160 £0.28 BD165 £0.42 ee 15 Pin £0.39 £0.39 Rotary Wafer 1P-12W, 2P-6W, 3P-4W, 
74LS243 £0.30 4085 £0.28 BC170 - £0.16 BD166 £0.35 Tip2955 £0.63 MBEhailcunelsts 15 Pin H.D. £0.49 £0.90 4P-3W £0.78 
74LS244 £032 4086 £0.26 BC170B £0.16 BD187 £0.39 23 Pin £0.40 £0.49 
. TIP29C += £0.31 ; Key Switch SPST £2.70 
54 4089 £0.55 BC171 £0.11 8D201 £0.40 25 Pin £0.48 £0.50 
LS245 £0.36 PO102AA £0.30 . p £0.2 
7418247 £0.32 4093 £0.18 BCI7IB £0.16 = BD202_ £0.40 TEP EOS Tici06D £0.40 a Val bapa £0.20 ish to break £0.28 
, 4094 £0.31 BC172 £0. BD203 £0.40 . : 15 Way plastic cover £0.33 : : 
saleoey foea 4095 «£0.56 «= BC172B £013 BD204 £0.40 TIP3IC £0.34 TICI16D £0.66 23 Way plastic cover £0.36 —_Latching Push Sqr £0.63 
7418258 £0.24 4097 £1.20 8C177 £0.18 BD222 £0.40 TIP32C £0.32 T1C126D £0.77 25 Way plastic cover £0.36 © PCB Tact6x6mm £0.25 
a. te 4 4098 £0.48 BCI78 £0.18 BD225 £0.42 ‘TIP33C £0.72 
s4Lso66 6£0.14 4099 «£0.38 BCI79 £0.17 BD232 £0.38 TIPAIA £0.36 RESISTORS COMPUTER ACCESSORIES 
74tS27.  £0.14..--4002 £0.38 . BEI82, «£0.08 . BD237 £0.32 TAC EDS8 0.25W 5% CF E12 Series £0.60/100 Leads 
’ fi . ‘0 . 
7ais273 20.02 “203 £000 Bait. OO Eueien coae' Tieae 40062 0.5W 5% CF E12 Series £0.95/100 | RS232 Lead Male 25 to Female 9 £3.99 
4508 £1.40 : 9 
74LS279 = £0.25 BC183 £0.08 BD243B £0.50 TIP50 £0.53 0.25W 1% MF E24 Series £1.72/100 Null Modem Lead Female 25-Female 25 £2.99 
74LS30: £0.14 4510 £0.26 VN10KM £0.44 POTS Log or Lin 470R — 1MO PC Link Lead Female 9 to Female 9 £2.99 
BC183L £0.08 BD244A £0.53 i 
4511 £0.32 
74LS32 £0.14 4512 £0.32 BC183LB £0.08 BD246 £1.06 VN66AF £1.50 25mm dia 0.25in shaft £0.42 PC Link Lead Female 9 & 25-Female 9 & 25 £4.50 
yas 0 seis ga7y SCI ERGE BDU) EOdT ZED ERI Ferran To Oo rors Resmi tae mle IR 
74L2368 eon ote: feos, ee ee Eee PRESETS Skeleton Horz RS232 Lead (all pins) Female - Male £3.80 
74137 £0.14 aate reget TRIACS BRIDGE RECTIFIERS or Vert 100OR-1MO0.1W £0.11 elias Way Lead Male — Male £4.78 
; ender Changers 
74.8373 £0.32 4520 «£0.26 z01 O5DA £0.42 alts «ke Bal 1646 %* PLEASE STATE VALUE REQUIRED * 9 Way 5 Min Female Pees e1 a1 
4521 £0.62 D Mini Male to Mal 
74LS378 £0.34 Jes, foao TIC226D £0.73. WO21.5A200V ROTM DIL SOCKETS Pitt es 25 Way D Mini Female to Female £2.48 
74LS377 £0.32 4527 £0.40 += BTA08-600B £0.99 BRE? GA 200V £0.64 8 Pin £0.07 Zener Diodes 2V7-33V_ 25 Way D Mini Male to Male £2.48 
74LS378 £0.62 4528 £0.40 ‘TIC236D £0.96 1400410A 400V £1.39 . 9 Way D Female to Female £2.33 
14 Pin £0.11 BZY88400Mw = £0.08 
74LS38 £0.19 4529 £0.44 DIAC £0.20 . BZX85 1.3W £0.14 9 WayD Maleto Male £2.48 
74LS390 £0.25 4539 £0.32 Welha\el= HARDWARE 16 Pin £0.15 1N4001 £0.06 29 Way D Female to Female £2.71 
74LS393 £0.24 4534 £2.48 18 Pin £0.15 1N4002 £0.07 25 Way D Male to Male £2.71 
74LS395 £0.26 4536 £1.00 R EG U LATO R ) T2 Box 75 x 56 x 25mm £0.82 20 Pin £0.16 1N4003 £0.07 Adaptors 
74LS399 £0.62 4538 £0.37 78L05 £0.25  '5,80x 75x51 x 25mm £0.82 94 Pin £0.19 1N4004 £0.07 9 Way Male to 25 Way Female £2.71 
74LS40 £0.14 4541 £0.33 78L12 £0.24 T4 Box 111 x57x 22mm £0.98 28 Pi £0.22 41N4005 £0.07 9 Way Female to 25 Way Male £2.71 
i : MB1 Box 79 x 61 x 40mm £1.44 : ; 25 Way Male to 9 Way Female £2.71 
74LS42 £0.25 4543 £046 78L15 £0.24 40 P £0.25  1N4006 £0.08 
74LS47 .£0.72 4555 £0.34 79L05 £0.28 MB2 Box 100x 76x 41mm £1.56 m 25 44007 £0.08 22 Way D Male to 36 Way Centronic £3.88 
741851 £014 gee £040 79L12 £0.28 MB3 Box 118x 98 x 45mm £1.82 1N5400 C000. Soe ee ee crema? Aas 
74LS670 £0.69 4560 £1.18 79L15 £0.28 MB5 Box 150 x 100 x 60mm £2.50 1N5401 £0.09 52 Wav Null Modem Male Ls vialar £3.02 
74873 £0.17 4566 £1.96 ae ren INS@02 £0.09 RS232 Surge Protector Male - Female £6.32 
74LS75 £0.19 4584 £0.24 4857 £0'38 1N5406 £0.11 5932 Tester (7 LEDs) Male — Female £6.59 
74\S76 £0.25 4585 £0.32 7828 cae Er 16V 25V 63V 100V. = 450V 1N5407 £0.14 nos. ksitth Boxes 
74L$83 £0.31. 4724 £0.70 = 7919 £0.38 0.47 - - £0.05 £0.07 - 1N5408 £0.15 — Serial Switch box - 2 Way A/B £9.20 
74LS85 £0.35 40106 £0.31 915 £038 1.0 ‘ - £0.05 £0.06 £0.15 1N914 £0.06 — Serial Switch box — 3 Way A/B/C £13.16 
74LS86 £0.20 40109 £0.50  [w3i7T £056 22 - ~ £0.05 £0.06 £0.18 Ay ym ae Serial Switch box - 4 Way A/B/C/D £15.15 
74LS90 £0.23 40163 £0.46 LM723 £0.29 4.7 - ~ £0.05 £0.08 - BY133 £01 3 Serial Switch box — Cross over £19.69 
74LS92. £0.35 «= 40174 «£0.34 ~—- L200CV £1.16 10 £0.05 £0.05 £0.06 £0.08 £0.44 OAaT £02 Parallel box ~ 2 Way A/B £11.84 
74LS93 £0.25 40175 £0.36 LM323K £2.70 22 £0.05 £0.05 £0.09 ~ és -28 Parallel box ~3 Way A/B/C/ £17.11 
40193 £0.60 LM338K £5.52 47 £0.06 £0.06 £0.11 - - OA90 £0.07 Parallel box ~ 4 Way A/B/C/D £18.43 
100 £0.06 £0.09 £0.11 - - OA91 £0.10 Parallel box ~ Cross over £20.42 
ENAMELLED OPTO DEVICES 220 £0.09 £0.12 £0.31 és ze OA202 £0.27 Disks - 3.5" DSDD Disks Pack of 10 £4.56 
COPPER 5mm Red LED £0.09 470 £0.15 £0.19 £0.57 - - BA157 £0.10 3.5" DSDD Disks Pack of 50 £17.95 
WIRE 1000 £0.22 £0.29 - ~ - BA158 £0.10 3.5’ DSHD Disks Pack of 10 £6.45 
Smm Green LED £0.10 4200 £0.37 £0.57 - és * BA159 £0.10 3.5 DSHD Disks Pack of 50 £28.48 
All 20z Reels 5mm Yellow LED £0.10 4700 a £1.11 ad ES a Nesey tips 3.5" x 50 Disk ane eo or ae 
14 SWG £0.63 5mm Orange LED £0.10 | ELECTROLYTIC AXIALCAPACITORS _| . 3.5” x 100 Disk Storage Box : 
16SWwG £067.  anmfed LEO he ELECTROLYTIC AXIAL CAPACITORS 
18 SWG £0.67 3mm Green LED £0.12 uF 16V 25V 63V 100V 450V '@) R D E R l N G | N a @) R M ATI '@) N 
20SWG £0.72 3mm Yellow LED £0.13 09.47 = ie - £0.15 _ . 
22SWG £0.76 3mm Orange LED £0.13 10 2: = £0.10 £0.10 £0.19 All prices exclude VAT. ; 
24SWG = £0.80 5mm Flashing Red £0.50 2.2 = si £0.10 £0.10 £0.22 Please add £1.25 carriage to all orders and VAT (17.5%). 
oo ae ee ogee: - £0.12 £0.12. £0.12 £0.48 No minimum order charge. 
30SWG £0.93 5mm Tri Colour £0.48 32 eae >< es ad Please send payment with your order. 
= abe o vt il a le 100 £0.10 £0.13 £0.21 = - PO/Cheques made payableto i 
. mm Plastic Beze : 220 £0.13 £0.18 £0.42 - - j 
36SWG = £1.04 = 0.3" 7 Segment Display Red 470 £0.21 £0.24 £0.69 - - ESR Electronic Components VISA 
38SWG = £1.10 common anode £1.14 1000 £0.33 £0.40 £1.05 - - Access & Visa cards accepted 
40SWG . £1.22 commoncathode £114 2200 £0.52 £0.64 a a - 
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Editorial Offices: | 
EVERYDAY with PRACTICAL ELECTRONICS EDITORIAL, 
ALLEN HOUSE, EAST BOROUGH, WIMBORNE 
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Phone: Wimborne (01202) 881749 
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See notes on Readers’ Enquiries below — we regret that 
lengthy technical enquiries cannot be answered over the 
telephone. Due to the cost we cannot reply to queries by 
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STANDARDS 


So many of us have been caught out when various standards fight it out in the 
market place. It happened with VHS and Betamax and I, for one, have an old 
Betamax recorder that still works well sitting in my loft. It is about to happen 
again with Digital Compact Cassette and Minidisc and it looks as though PCs are 
now winning over Apple Macs. 

In Fox Report this month Barry Fox. is fairly forthright on the possible im- 
minent death of the Apple Mac. While it still reigns supreme in the publishing 
world (although all of our typesetting is done on PCs) it does appear to be on 
its way out elsewhere. Our recent free gift of Electronics Workbench software 
resulted in a couple of requests from colleges for a free Apple Mac disc — not 
available I’m afraid, although the full package is available in a Mac version. 

On further investigation it appears that some colleges have equipped themselves 
totally with Apple Mac equipment — when I mentioned this to others in education 
and educational software suppliers the reaction was “‘are they in the real world?” 
Unfortunately it is a fact of life that out in the business world the PC is the de facto 
standard and while I can see that in the past Macs have been easier to use that 
does not help students when they need to work for a living. 


GET REAL 


“Dodo Apple’”,-as Barry puts it, may not become a reality, only time will tell, 
but students must get to grips with the realities of DOS and Windows and possibly 
quite soon Chicago on a PC. It is time for our educational system to come to 
terms with educating students for the real world, particularly in the technological 
subjects, using the tools they will have to use in industry. Fortunately this is 


already happening in many areas but in some colleges it appears that the buying | 


decisions are being made on ease of use in the classroom, rather than on criteria 
which will affect the ability of the student to function in the real world. 


Mie 

















SUBSCRIPTIONS 

Annual subscriptions for delivery direct to any 
address in the UK: £24. Overseas: £30 (£47.50 air- 
mail). Cheques or bank drafts (in £ sterling only) 
payable to Everyday with Practical Electronics and 
sent to EPE Subscriptions Dept., Allen House, East 
Borough, Wimborne, Dorset BH21 1PF. Tel: 01202 
881749. Subscriptions start with the next avail- 
able issue. We accept Access (MasterCard) or Visa 
payments, minimum credit card order £5. 








BACK ISSUES 

Certain back issues of EVERYDAY ELECTRONICS, 
PRACTICAL ELECTRONICS and EVERYDAY with 
PRACTICAL ELECTRONICS (from Nov ‘92 onwards) 
are available price £2.30 (£3 overseas surface mail) 
inclusive of postage and packing per copy — £ sterling 
only please, Visa and Access (MasterCard) accepted, 
minimum credit card order £5. Enquiries with remit- 
tance, made payable to Everyday with Practical 
Electronics, should be sent to Post Sales Department, 
Everyday with Practical Electronics, Allen House, East 
Borough, Wimborne, Dorset BH21 1PF Tel: 01202 
881749. In the event of non-availability one article can 
be photostatted for the same price. Normally sent within 
seven days but please allow 28 days for delivery. We 
have sold out of Jan, Feb, Mar, Apr, May, June, 
Oct, & Dec 88, Mar, May & Nov 89, Mar 90, April, 
Aug & Sept 91 Everyday Electronics, and can 
only supply back issues from Jan 92 to Aug 92 


(excluding Mar 92) of Practical Electronics. Dec © 


92, Jan, Feb and March 93 Everyday with 
Practical Electronics are also unavailable. 


BINDERS 

New style binders to hold one volume (12 issues) 
are now available from the above address for £5.95 
plus £3.50 post and packing (for overseas readers the 
postage is £6.00 to everywhere except Australia and 
Papua New Guinea which cost £10.50). Normally 
sent within seven days but please allow 28 days for 
delivery. 


Payment in £ sterling only please. 

Visa and Access (MasterCard) accepted, mini- 
mum credit card order £5. Send or phone your 
card number and card expiry date with your 
name and address etc. 
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GREAT HOLLAND, ESSEX CO13 OJS. 
Phone/Fax: (01255) 850596 


Editor: MIKE KENWARD 

Secretary: PAM BROWN 

Deputy Editor: DAVID BARRINGTON 
Technical Editor: JOHN BECKER 
Business Manager: DAVID J. LEAVER 
Subscriptions: MARILYN GOLDBERG 
Editorial: Wimborne (01202) 881749 


Advertisement Manager: 
PETER J. MEW, Frinton (01255) 850596 


Advertisement Copy Controller: 
DEREK NEW, Wimborne (01202) 882299 


READERS’ ENQUIRIES 

We are unable to offer any advice on 
the use, purchase, repair or modification 
of commercial equipment or the incor- 
poration or modification of designs pub- 
lished in the magazine. We regret that we 
cannot provide data or answer queries 
on articles or projects that are more than 
five years old. Letters requiring a _ per- 
sonal reply must be accompanied by a 
stamped self-addressed envelope or a 
self addressed envelope and interna- 
tional reply coupons. Due to the cost we 
cannot reply to queries by Fax. 

All reasonable precautions:are taken to 
ensure that the advice and data given to 
readers is reliable. We cannot however 
guarantee it and we cannot accept legal 
responsibility for it. 


COMPONENT SUPPLIES 

We do not supply electronic com- 
ponents or kits for building the projects 
featured, these can be supplied by adver- 
tisers. 

We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue. 

We regret that we cannot provide data 
or answer queries on projects that are 
more than five years old. 


ADVERTISEMENTS 

Although the proprietors and staff of 
EVERYDAY with PRACTICAL ELEC- 
TRONICS take reasonable precautions to 
protect the interests of readers by ensuring 
as far as practicable that advertisements are 
bona fide, the magazine and its Publishers 
cannot give any undertakings in respect of 
statements or claims made -by advertisers, 
whether these advertisements are printed as 
part of the magazine, or are in inserts. 

The Publishers regret that under no 
circumstances will the magazine accept 
liability for non-receipt of goods ordered, or 
for late delivery, or for faults in. manufac- 
ture. Legal remedies are available in respect 
of some of these circumstances, and readers 
who have complaints should first address 


_ them to the advertiser. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of 
radio transmitting and telephone equip- 
ment which may be advertised in our pages 
cannot be legally used in the UK. Readers 
should check the law before buying any 
transmitting or telephone equipment as a 
fine, confiscation of equipment and/or im- 
prisonment can result from illegal use or 
ownership. The laws vary from country 
to country; overseas readers should check 
local laws. 
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Constructional Project = 


Sky writing witha Santalight! ‘e 


of optical effects and illusions such as 

the 3-D ‘‘Magic Eye” type currently 
featured in books and magazines world- 
wide. It uses the well known effect of “‘per- 
sistence of vision” to allow a single row of 
l.e.d.s to write words in the air. The effect is 
not difficult to view. With practised move- 
ment of a “wand” containing a row of 
seven l.e.d.s, an easily readable display is 
produced - especially in a darkened room, 


PRINCIPLE 


As the display relies on “‘persistence of 
vision” for its effect, if a bright light is 
moved quickly across the field of vision, a 
single continuous streak is seen. A row of 
seven bright l.e.d.s would produce seven 
parallel streaks. To write a message, the 
l.e.d.s are switched on and off rapidly 
during their travel so that the streaks 
become dashes. Timing the switching of 
each l.e.d. correctly allows dashes of dif- 
ferent lengths and positions to be produced 
forming letters. 


REALISATION 


A microcontroller is ideal for this kind of 
job. A program containing all the neces- 
sary time delays for the pulses is relatively 
easy to produce, and the l.e.d.s can be 
driven directly from the microcontroller’s 
output pins. 

As the movement of the wand is by hand, 
and the l.e.d.s are switched at a fixed 
rate, the message may be compressed or 
stretched depending on the speed of move- 
ment. Ideally, the message should start and 
finish in the same position, so that repeated 
waves of the wand produce identical dis- 
plays. In practice this is impossible, and so 
the display is arranged to appear as a ‘“‘one 
shot” single event each time the wand is 
moved. To detect the movement of the 
wand, a mercury tilt switch is used. As 
soon as motion begins, the tilt switch 
becomes a short circuit and 
starts the display 
sequence. 

An input pin 
on the micro- 
controller 
reads the 
the tilt 
switch. 


Te project follows the current vogue 
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A second pin provides a serial input facility 
to allow user defined messages to be en- 
tered into memory. 

The wand is tubular, being made from 
a short length of plastic electrical conduit. 
This is convenient as it is an almost ideal 
housing for the batteries, but construction 
is more complicated than just using a plas- 
tic box. An on/off switch is not required as 
the circuit drain is negligible provided the 
wand is stored with the tilt switch in the 
open circuit condition. 

Other possible arrangements for the dis- 
play suggest themselves, especially those 
which include some form of mechanical 
movement such as a turntable, pendulum, 
or rotating mirror, combined with a reed 
switch and magnet to produce a reliable 
and repeatable start position. The circuit is 
adaptable to all of these applications, and 
the tilt switch can be replaced by any ap- 
propriate type of switching device. 


CIRCUIT DETAILS 


The full circuit diagram 
for the Spacewriter Wand 
is shown in Fig. 1. 
As with a lot of 
circuits using a 
microcontroller 
there are very 
few components. 
The le.d.s are 
driven directly 
from the 
output of 
microcontroller 
IC1 and share a 
single low value 
limiting resistor 
R3. This is mainly 
to protect IC] from 

overcurrent in the 

event of a fault. Special 
low current le.d.s are 
used. These are very 
efficient at current levels right 
down to 2mA and are bright. 
The brightness is _ limited 
mainly by the supply voltage 
at 3V. At 6V _ the brightness 
is much higher, but the length 
of the wand is increased by the 
extra batteries and may be _ too 
long. 
IC1 is a CMOS microcontroller which 
operates at very low current levels. In this 
application, the current is reduced to a 
minimum by using a 40kHz clock fre- 
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quency instead of the normal 4MHz. This 
is possible because the amount of process- 
ing power needed is very small. Even at 
40kHz there is plenty of time ‘e the 
microcontroller to do its job. 

Resistor R2, capacitors Cl and C2, and 
crystal X1 provide the clock frequency 
determining components. The oscillator 
circuitry is contained within IC1. 

A single input pin (pin 6) is required for 
the tilt switch, $1. The input has a built in 
pull-up resistor so that the pin is normally 
held at logic | level. Closing the 'tilt switch 
pulls down the pin to logic 0 and starts the 
display sequence. 

Two other input pins are used. Pin 18 
allows data to be sent to. the 
microcontroller from a computer serial 
(RS232) output. This allows a message to 
be loaded into RAM and displayed 
automatically. The message, once loaded, 
is maintained as long as the batteries are 
not removed. Resistor Rl and diode D1 
protect the input from excessive voltage 
levels. Pin 17 is used to set IC1 to receive 
serial data. It is normally held at logic 1 by 
resistor R4 but must be shorted to OV 
whenever data is being loaded. 


CONSTRUCTION 


A single printed circuit board holds all the 
components. This board is available from 
EPE PCB Service, code 921. The p.c.b. 
component layout and full size copper foil 
master track pattern is shown in Fig 2. 

The board has been made as small as 
practically possible to fit into a piece 
of 20mm plastic electrical conduit. Al- 
ternative mounting arrangements such as 
cardboard tubes or plastic overflow pipes 
may, of course, be used. A transparent 
perspex tube would give a very interesting 
appearance. If the tubular form of con- 
struction is too fiddly, the display works 
quite well stuck on a strip of wood, using 
an ordinary 4 x AA battery holder, and a 
few rubber bands! 

Whichever method of assembly is used, do 
not fit any components to the board until the 
drilling and mechanical work has been com- 
pleted. The board is useful as a template, 
and is easier to handle before assembly. 

For use in a tube, it is very important to 
set the l.e.d.s in the board to exactly the 
right height. This allows the board to be _ 
slipped into the tube and then pushed up- 
wards so that the l.e.d.s locate into seven 
pre-drilled 3mm diameter holes. 

The hole positions can be marked most 
accurately with a sharp needle using the 
unassembled board as a template. Stick the 
board to the outside of the tube with tape 
before marking the centres so that move- 
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COMPONENTS 


Resistors 
R1,R2 47k (2 off) 
R3 22 
R4 100k 

_ All surface mount types 











SHOP 
TALK 








Capacitors 
C1,C2 150psub.min ceramic (2 off) 


Semiconductors 
D1 1N4148 signal diode 
D2to D8 sub.min. high brightness I.e.d. 
iG! pre-programmed micrcontroller 
(see Shoptalk) 


IC1 
MAGWAN 1 
(SEE TEXT) 


Miscellaneous 

X1 40kHz crystal 

$1 mercury tilt switch 

Printed circuit board available from EPE PCB 
Service, code 921; length of 20mm plastic 
tubing 20mm diameter (see text); AA-type 
battery (3 off); connecting wire, solder, etc. 


£17 


strongly recommended that a fine-tipped 
soldering iron is used. 

A needle or other sharp instrument can 
be used to hold the resistor in position 
while one end is soldered. Once the solder 
has set, solder the other end. Be careful not 
to get both ends hot together, or the resis- 


Approx cost 
guidance only 





Fig. 1. Complete circuit diagram for the Spacewriter Wand. 


ment is minimised and the holes are aligned 
as well as they can be. Do this very care- 
fully as the l.e.d.s cannot be adjusted easily 
if the holes are out of line. If alignment 
does cause problems, larger holes can be 
used to allow some slack. 

The board should be positioned in the 
tube to allow for three AA type batteries to 
be fitted. It is permissible to use four bat- 
teries for a brighter display, but in most 
situations three are adequate. 

The positive battery terminal connects to 
a thin piece of metal bent over the end of the 
board at the battery connection end. Make 
sure that the metal chosen can be soldered, 
and that it does not have a transparent plas- 
tic coating. Most tin cans are suitable and 
can be cut with strong scissors. 

The tilt switch, Sl, needs to be fitted 
‘“tupside down” as shown in the component 
layout drawing. Two lengths of stiff wire 
are needed to extend the connections and 
should be insulated with short lengths of 
sleeving. Good quality silicon rubber sleev- 
ing was used in the prototype, it is flexible, 
and does not melt when soldered. 

In use it was found that the initial “flick” 
as the tube was moved causes the mercury 
inside the switch to rise to the top, bridge 
the contacts, and start the display. This 
was contrary to the initial idea which was 
to use the switch conventionally and al- 
low the mercury to roll over the contacts 
as the tube was tilted. It seems that the 
inertia and low viscosity of the mercury 
makes it respond quickly even to relatively 
slow movements (is that why it’s called 
quicksilver?). 


SOLDERING ON 


The l.e.d.s must all be fitted the nght way: 


round. The long lead is normally the anode 
and goes to the long strip of track as shown 
in Fig 2. The height above the board is best 
determined by trial and error and should 
allow the board to be inserted and removed 
easily from the tube. Experiment with just 


one, and then mount the others at the same 
height. To aid alignment, the holes drilled 
in the tube can be used from the outside 
to hold the |.e.d.s in place whilst soldering. 
Use of sticky tape to hold the tube to the 
workbench is helpful, and allows the job to 
be done with just two hands. 

Once the l.e.d.s have been fitted and the 
circuit board can be moved in and out 
of place, the remaining components can 
be added. The resistors are all miniature 
surface mount components. They are not 
difficult to solder, provided the pads onto 
which they sit have been tinned. Also, it is 


tor will slide about all over the place. This 
can be turned to advantage to remove a 
resistor wrongly positioned. Simply heat 
both ends by moving the: soldering iron 
from one to the other in quick succession. 
The resistor will loosen and can be lifted off 
with a needle. 

There are four wire links which run from 
the holes at one end of the board to pads at 
the other. This is to allow the tilt switch 
and serial input connections to be at the 
top end of the board. There is not enough 
board space to allow proper tracks to be 
used. Ordinary thin solid core connecting 














The assembled Spacewriter Wand p.c.b. 
connector. 


showing “wood dowelling” battery 
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TO BATTERY 





Fig. 2. Printed circuit board component layout and 


full size copper foil master track pattern. 


wire can be used, and laid along the sides of 
the other components as shown. 

To keep the board height low, IC] must 
be soldered in position. Make sure it is the 
right way round! A mistake here will be dif- 
ficult to put right. 

With all components fitted, the board 
should be tested. The test procedure is 
described later. Once tested and working, 
proceed with the mechanical assembly. 


TUBULAR 
MOUNTING 


The positive battery connection is made 
directly to the end of the board as already 
explained. The negative connection is made 
via a flexible lead from the board to a 
connecting spring at the distant end of the 
batteries. This spring is held in place by 
being soldered to a metal disc which just 
fits inside the tube. A long flexible wire 
connects it to the negative contact point on 
the board. 

The tube length must be cut carefully 
to give just the right amount of spring 
compression with the l.e.d.s on the board 
aligned correctly with their holes in the 
tube. This is done by setting up the board, 
the retaining plugs and the batteries along- 
side a piece of tubing and marking out the 
correct length. Be sure to have the l.e.d.s 
aligned in their holes so that everything is 
positioned accurately. 

The top and bottom ends of the board 
are retained by a 30mm pieces cut from the 
end of a spare length of tube. Each piece is 
cut along its length and a section removed 
so that it closes down to become a tight 
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inside fit like an internal 
circlip. One piece is pushed 
down over the tilt switch 
until it touches the top edge 
of the board, the other is 
pushed in to retain the 
batteries and their negative 
connection spring. 

Permanent fixing with 
glue was not necessary, as 
the tubing is quite springy 
and holds its position well. 
A short length of wood 
dowelling was needed, glued 
to the underside of the disc 
supporting the negative 
connection. This was to 
keep the disc aligned 
correctly, preventing it from 
flipping over onto its edge. 

To keep the board in 
position with the _ l.e.d.s 
aligned in their holes, a 
small piece of foam sponge 
can be pushed down the 
tube behind the board using 
a knitting needle. Be care- 
ful not to use any more 
force than necessary, and 
not to damage the sur- 
face mounted components 
or wire links. 

The tube ends can be 
covered using moulded end 
caps, or adapting bicycle 
handlebar end plugs. This 
type of hardware can 
usually be found without 
too much difficulty. 


TESTING 


Assuming the assembly of 
the board is complete, the 
first thing to do is double 
check all of the soldering 
and the component iden- 
tification. Once everything is in order, 
connect a 4:S5V supply and check that the 
circuit does not draw excessive current. If a 
multimeter is not available, a small bulb in 
series with the supply will light if there are 
any bad short circuits. 

If the current is in order, it should be 
possible to get the l.e.d.s to flash by tilting 
the board and closing the tilt switch. A 
simple voltage check at ICI pin 6 can be 
made to see if the tilt switch is working. 
Normally the voltage should be 4-5V, and 
it will switch to OV when the switch closes. 

If the circuit refuses to flash the l.e.d.s, 
disconnect the supply, wait about one 
minute, and reconnect. If the circuit still 





does not work, check that the l.e.d.s are the | 
right’ way round, and that they light 
individually when their corresponding pin 
on IC] is short circuited to OV. As it is such a 
simple circuit, there is very little to go 
wrong, and so faults are unlikely. An 
oscilloscope, if available, can be used. to 
check the crystal oscillator which should be 
producing a 4:5V peak to peak sine wave at 
40kHz. 

Once the l.e.d.s are flashing, the effect c can 
be tested by moving the wand from left to 
right across the field of view. The best effect 
is obtained in a dimly lit room, and is easier 
to see when the eyes are fixed in one position 
by looking at a stationary object behind the 
display. The speed of movement is largely 
down to trial and error, but should be easy 
to establish. The display speed is a com- 
promise between. speed of movement and 
persistence of vision. Too slow, and a row 
of moving l.e.d.s appears, too fast, and the 
wand has to be moved too quickly. 

The default display is ‘MERRY XMAS”. 
Apologies to those who prefer not to ab- 
breviate, but for the display to be read 
easily, the full word Christmas is too long! 


OTHER 
MESSAGES 


After Christmas, the display can be used 
for its main purpose by programming it 
with any 16-digit message. The message 
is loaded simply by sending serial ASCII 
code at 300 baud into pin 18 of IC1, whilst 
connecting pin 17 to OV. 

Any serial communication can be used, 
provided it sends data without handshak- 
ing, at 300 baud, no parity, eight bits and 
one stop bit. Procomm was used in the 
original, this has an ASCII download 
option and was configured as ‘300,N,8,1”’ 
according to the “Set Modem Parameters” 
screen. The first 16 codes to arrive are 
loaded, and everything else is: discarded. 
Only capital letters, numbers, and spaces 
are available for display, others are ig- 
nored. | 

No handshaking or other reverse com- 
munication is used, because the message is 
so short and errors unlikely. 

Three pads at the top of the board allow 
the serial connection to be made. A small 
3-way 0.1 inch socket is suitable on a short 
flying lead. A special computer lead is then 
needed to pick up the computer 0V and 
TXD pins from the chosen serial port. 

Finally, this is a novel display which 
must have a variety of interesting uses, 
about which we would be pleased to hear 
from you! O 





Spacewriter board half-inserted into mounting tube. Note the holes for the le.d.s, 


and the retaining “plug”. 
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Constructional Project 


EPE FRUIT 
MACHINE 







A coin operated fruit machine 
that really pays out! 


AVING had a keen interest in fruit 

machines (also known as “slots”, 

“automatics” or ‘“‘one arm bandits’’) 
for as long as the authors can remember, 
they have always had it in mind to con- 
struct one. At a very early age, mechani- 
cal designs constructed using Meccano or 
Lego were attempted, but met with limited 
success, so an electronic machine was the 
obvious alternative. 

Many years ago, an all TTL system was 
proposed, but if even the simplest of fea- 
tures were to be included, the circuitry 
would have been very complex. Some time 
later, a microprocessor design was con- 
sidered, but it still would have involved 
considerable hardware and a hefty power 


supply. 
PAYOFF 


Now, finally, a design based around 
a single chip PIC16C57 microcontroller 
has become possible, and has resulted 
in a simple circuit, with battery power 
capability and plenty of space left for the 
single most important feature — a real 
payout mechanism. 

This design, which it is believed fits 
into the ‘“‘executive toy” category, makes 
use of two simple-to-construct plastic coin 
mechanisms, a coin detector and a coin 
payout mechanism. Both mechanisms are 
designed to work with the new small five 
pence piece. This coin was chosen for two 
reasons. First, the Fruit Machine had to be 
reasonably inexpensive to play while at the 
same time offering a high value jackpot. 
Second, since the five pence coin is the 
smallest, lower value coins will not fit 
through the slot, so no reject mechanism is 
required. 


ANIMATED FRUIT 


In order to minimise the number of 
mechanical components, large 7-segment 
displays are used instead of ‘reels’ to 
reproduce the “fruit”? symbols. Animation 
techniques have been used to give the 
“reels” a realistic spinning action, and 
software algorithms have been designed to 
simulate the inertia and friction of an 
equivalent mechanical system. 

The fruit symbols are passed through the 
displays from top to bottom, quickly at 
first, then progressively more slowly until 
stationary. The three reels have been given 
different characteristics, so that the left reel 
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stops first, followed by the centre reel and 
then the right reel. 

To add further realism, the sound of the 
reels clicking against ratchets as they spin 
has been simulated too. Features includ- 
ing “hold” and ‘‘gamble”’ have been incor- 
porated which appear at random introduc- 
ing an element of skill into the game. 

A mechanical arm, used to start the reels 
spinning, has been rejected in favour of a 
“start” button in line with the more up- 
to-date designs of fruit machine. Naturally, 
the machine cannot be started until at least 
one coin has been inserted. Several coins 
can be inserted if desired, and are registered 
as ‘‘credits” inside the machine. 

A set of eight l.e.d.s called the Feature 
l.e.d.s are normally used’ to indicate the 
credits but are also used to liven up 
the machine by flashing various sequences 
prior to payout and when the machine is 
not being played. 


PAYING OUT 


The Fruit Machine has an average 
payout of about. 75 per cent and so is 
capable of making a profit. Interestingly, 
commercial machines are bound by law to 
return a minimum percentage of the 











stake, 


typically 70 per cent to 90 per cent, to the 
player. The exact value is indicated on the 
front of the machine. Since it does not 
make commercial sense to payout more 
than this, the odds are manipulated to 
maintain this percentage with great ac- 
curacy, it does not matter whether you play 
to win or lose. 

This design does not monitor the payout, 
it is genuinely random and skilful play will 
increase the payout rate, although never 
above 100 per cent! For this reason, the 
Fruit Machine would make an ideal money 
box for a child who should ultimately dis- 
cover the futility of gambling! 


PROFESSIONAL 
PRESENTATION 


The Fruit Machine is housed in a 
standard ABS plastic box measuring 
220mm x 150mm x 60mm approx. A spe- 
cially commissioned full-colour _ self- 
adhesive front panel is available which 
considerably enhances the machine’s 
appearance. All the electronics including 
the displays and switches are mounted on a 
single sided p.c.b. measuring 100mm x 
140mm approx. which is available from the 
EPE PCB Service, code 914. 

The specially programmed PIC16C57 
microcontroller is available from _ the 
authors, price £12, and the colour front 
panel is £2 (see Shoptalk). 














MODE 
MANAGEMENT 


The Fruit Machine’s microcontroller 
continually manages a number of different 
tasks. These include multiplexing of the 
display matrix, monitoring the switches 
and coin detector, and controlling the piezo 
and servo outputs. In addition to this, 
‘“‘mode”’ control and the complex task of 
animating the three reels must also be 
carried out. | 

The program flowchart is shown in Fig. 
1. At any one time, the Fruit Machine 
can be in one of seven different modes, 
idle, sequence, spin, win, payout, gamble or 
nudge. When the machine is first switched 
on, the idle mode is entered. If there are no 
credits, i.e. no coins have been inserted, 
the machine switches to the sequence mode 
after two seconds to encourage play. 

Inserting a coin takes the machine back 
to the idle mode. In this mode, all three 
reels are stationary, and the program waits 
for the start button to be pressed. If the 
hold feature is active, the three ho/d lights 
will flash and the hold buttons will be 
active. 

When the start button is pressed, the 
machine enters the spin mode. Next, a 


random number generator decides which 


combination of fruits the reels will stop at. 
Whether or not a win will be given and its 
value is decided even before the reels start 
spinning! 

When all three reels have stopped, the 
winning line is analysed and the machine 


Interior of the Fruit Machine showing the 
next month. 
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enters either the win mode, or returns to the 
idle mode if the game is lost. The win mode 
consists simply of a short sound and light 
sequence, after which the payout mode is 
entered. In the case of wins with three fruits 
the same, the gamble mode may be entered. 
Here, the win is either collected or gambled 
up or down. The nudge mode just steps all 
three reels forward or backward by one 
fruit. 

In the payout mode, the ‘‘odds’’ table is 
read and a counter is set up to pay out 
the required number of coins. The servo 
motor is then moved to and fro and the 
counter decremented until it reaches zero. 
After payout, the Fruit Machine returns to 
the idle mode. 

The random number generators, used to 
decide the winning line and to control the 
hold and gamble features, are simply fast 
counters which cycle continuously and are 
read each time the start button is pressed. 
It is impossible to anticipate the values of 
the counters, however, making it impos- 
sible to cheat! 


IN A SPIN 


A “mechanical analogy” of one of the 
Fruit Machine’s reels is shown in Fig. 2. 
Although the system is essentially ‘‘all 
software’, the algorithms of the spin 
mode were closely modelled on the equiv- 
alent mechanical system shown. The prin- 
ciples used are best described using this 
analogy, simply publishing parts of the 
source code would make very dull reading 
indeed! 





“mechanical mechanism” to be described 








The three reels each have six fruit sym- 
bols, but a total of 30 individual steps. 
This enables a reel to be displayed part 
way between two fruits for animation pur- 
poses, although the reel cannot stop in this 
position. Each reel has a speed parameter 
which is used to step the reel forward at a 
constant rate. Each time a reel is stepped, 
the piezo electric sounder output is toggled 
giving a “‘click”’ sound. 

Initially, the reel is set spinning at a 
constant speed, then, after a short period, 
the speed parameter is decremented at a 
constant rate which slows the reel down. 
To ensure that the reel stops accurately on 
the fruit, rather than half way between 
two fruits, slowdown is delayed until the 
selected fruit passes through the win line. 
The complete slowdown process then takes 
exactly two revolutions until the speed 
parameter reaches zero and the reel stops. 


Fig. 2. Mechanical analogy. 


MECHANICS 


Since the Fruit Machine handles real 
coins, the job of getting them into and 
out of the machine requires a couple of 
mechanical devices. 

Insertion of coins is handled by the coin 
detector mechanism. This uses a simple in- 
fra-red beam which is broken as the coin 
drops through. Whilst this design does not 
have any obvious security features, tam- 
pering is countered by measuring the time 
for which the beam is broken. Durations 
outside of a “window” value are rejected 
thereby ignoring the insertion of “inap- 
propriate” objects. 

Coins are payed out by the coin payout 
mechanism which uses a simple sliding tray 
to pull the coins, one at a time, from the 
bottom of the coin stack. It is driven by 
a servo motor, the type typically used in 
radio controlled models. 

Both the coin detector mechanism and 
the coin payout mechanism are con- 
structed, very simply, out of sheet plastic 
available from most model shops. A length 
of plastic pipe is required for the coin stack 
which is easily obtained in the form of 
overflow pipe for water tanks, available 
from builders merchants. 


COMMERCIAL 
SCENE 


The design of the Fruit Machine was, 
to a certain extent, inspired by the tech- 
niques used in commercial machines. For 
this reason, and by way of a small diver- 
sion, it may be interesting to take a look at 
the way these fascinating machines work. 

Unlike early mechanical machines, which 
used electricity just to illuminate the front 
glass, modern machines are based entirely 
around complex microprocessor circuitry. 
The CPU board will typically contain a 
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ADD 1 TO CREDIT 
~ COUNTER 













FLASH 'HOLD' LEDs 
& SET SPIN SPEEDS 


‘HOLD’ BUTTON PRESSED? . 


LIGHT 'HOLD' LED 
& SET SPIN SPEED TO O 


‘HOLD’ BUTTON PRESSED AGAIN? 


‘START’ BUTTON PRESSED? 


FLASH FEATURE LEDS 


HAS 2 SECONDS ELAPSED? 
ENTER ‘SEQUENCE’ MODE 


HAS A COIN BEEN INSERTED? 








ENTER 'SPIN' MODE 
CALCULATE ‘FRUITS’ 
USING RANDOM NUMBER GENERATOR 
SET REELS SPINNING 
START SLOWDOWN OF REEL 1 


START SLOWDOWN OF REEL 2 
START SLOWDOWN OF REEL 3 


CONTINUE SLOWDOWN OF REELS J 
HAVE ALL 3 REELS STOPPED? 
ral es 
(=) is (om) 
———————— 


Fig. 1. Mode Control 








yes 














ENTER “WIN' MODE 
FLASH FEATURE LEDS 


ENTER ‘PAYOUT’ MODE 
MOVE SERVO TO PAY OUT COINS 


SUBTRACT 1 FROM 
CREDIT COUNTER 










FLASH 'START' BUTTON AND 
RIGHT HAND 'HOLD' BUTTON 











no 





RIGHT HAND ‘HOLD‘ BUTTO: 
BUTTON PRESSED TO 
COLLECT? 







"START' BUTTON PRESSED TO 
ACCEPT GAMBLE? 


ENTER "NUDGE' MODE 
STEP REELS TO NEXT FRUIT 










IS 'WIN' LOWER THAN PREVIOUS 


JACKPOT? 


Fig. 71. The EPE Fruit Machine program flowchart 
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Z80 or 68000 processor and the usual 
EPROM and RAM. Battery backed RAM 
or EEPROM may be used to maintain 
“odds” data during power off. 

A large number of power transistors 
will be present to drive solenoids, stepper 
motors and the matrix of light bulbs which 
illuminate the reels and feature panels on 
the front glass. A sound effects chip may 
also be present. 

The reels are, of course, mechanical, but 
being of an ultra light weight construction, 
have virtually no inertia and are controlled 
directly by the CPU using stepper motors. 
The speed of rotation and the point at 
which they stop is under CPU control. Any 
random behaviour here comes from ran- 
dom number generators in the software. 

A large number of miniature filament 
lamps, which sit behind the front glass, 
are connected up in a matrix of rows and 
columns. Unlike l.e.d.s, these lamps con- 
duct in both directions and therefore each 
lamp requires a series diode, which may be 
mounted in the lamp holder. 


COIN DETECTION 


Detecting the insertion of coins in com- 
mercial machines may be handled in two 
different ways. 

The mechanical method uses an 
elaborate mechanism employing a counter- 
balanced cradle into which the coin drops, 
tipping the cradle over and sending the 
coin down a channel towards a 
microswitch which registers a credit. 

Coins that are too small drop straight 
through the cradle and into the coin return 
chute, whereas large coins get stuck, re- 
quiring use of the coin reject lever. This 
forces open the whole mechanism allowing 
any large item to drop straight through. 
Additional safeguards include a magnet 
which attracts ferrous metal objects such as 
washers. 

Modern coin detectors use a simple slide 
fitted with a number of coils through which 
a range of different coins can be passed. 
The coin changes the inductance of the 
coils as it passes, generating a unique signa- 
ture for each coin. 

Only coins with recognised signatures are 
accepted, a solenoid diverts alien devices to 
the reject chute. Once a valid coin has been 
detected, its signature is used to divert it 
down one of several different chutes. 

A solenoid operated plastic paddle 
diverts the coin initially down one of two 


BZ 


chutes, then two more paddles, mechani- 
cally linked and controlled by a further 
solenoid, split the two chutes into four. In 
this way, two solenoids operating in a 
binary fashion, can sort up to four different 
coins into four plastic tubes. 


COIN PAYOUT 


The coin payout mechanisms, of which 
there are likely to be four, are situated at 
the bottom of the tubes in which the coins 
stack. They are similar in design to the one 
used in this project, although they use a 
metal slide moved by a solenoid. 

The solenoids are massive, each about 
the size of a mains transformer and are 


typically operated from 50 or 60 volts. 


Tremendous pulling power is required to 
slide a coin out from the bottom of a stack 
containing a couple of hundred coins. 

All this gadgetry is housed in a tall 
cabinet made of chipboard with glass front 
panels. Several locks are employed to 
prevent access to a number of large plastic 
buckets sitting in the bottom of the 
machine which collect the coins that 
overflow from the coin stacks. 

Commercial fruit machines are expen- 
sive items of equipment, although when 
situated in the right places, are capable of 
making a healthy profit. 


CIRCUIT 


DESCRIPTION 

The full circuit diagram for the EPE 
Fruit Machine is shown in Fig. 3. 

A microcontroller is ideally suited for a 
project like this, to control the various In- 
put and Output (I/O) devices found in the 
design. The amount and complexity of the 
software, and the memory required (2K), 
determine the specific controller, and this 
was chosen to be the 28-pin PIC16CS7 
manufactured by Arizona Microchip. The 
PIC16C57 (IC1) has three “ports” A, B 
and C, (one four-bit, A, and two eight-bit, 
B and C, where any bit can be configured 
as an input or an output) all of which are 
used (see Fig. 3). 

The seven lines RBO to RB6 are set up as 
outputs (port B), and drive the seven seg- 
ments of each main “‘fruit” display, ‘“‘a” to 
‘*g””. The displays are multiplexed such that 
“segment” data is output via port B on 
lines RBO to RB6. Then the appropriate 
“digit” drive bit on one of the four lines of 
port A (RAO to RA3) switches transistors 
TR1 to TR4 in turn to sink current, light- 
ing up the “digit” (the fourth digit cor- 
responds to the “feature” l.e.d.s). 

Segment drive “h’” (RB7), which is 
usually the decimal point on 7-segment 
displays, is not connected as such, but is 
routed off to the l.e.d.s within the hold 
switches. Drive current to each of the 
segments is limited via resistors R1 to R8. 

Each segment of the four displays is 
“overdriven” in turn by about four times 
its maximum rated current. This is accept- 
able and is done to increase the brightness 
of the displays. Because each segment is 
only on for a quarter of the time, there is 
no risk of damage to the displays or the 
drive transistors. 

The clock circuit for IC] uses a simple 
ceramic resonator for stability, and con- 
sists of components X4, Cl and C2. This 
generates a clock frequency of 1MHz. 

The start and hold switches S1 to S4 
“ground” the input lines RC4 to RC7 of 
port C (IC1) when pressed, and are other- 
wise pulled “high” by R32 to R36. 

The servo requires two pulse trains of 
Ims and 2ms at 50Hz for the “collect” 


and ‘“‘payout” positions respectively, for 
the coin mechanism. These are generated 
using a CMOS 7556 dual timer chip (IC2). 
The first timer in the chip (IC2a) is con- 
nected as an oscillator, generating the 50Hz 
via resistors R24, R25 and capacitor C3. 
This 50Hz output is connected to the trig- 
ger input of the second timer (IC2b), which 


COMPONENTS 


Resistors 
56 (8o0ff) See 


an eee = Ly 


4k7 (3 off) page 


10k (3 off) 
15k 
100k 
150k 
R32toR36 4k7 (s.i.l. resistor pack) 


Potentiometers 
VR1,VR2 10k sub-min. preset 
(2 off) 


Capacitors 
Cl Ae 
C3, C9 
C4, C5 
C6 to C8 


22p disc ceramic (2 off) 

100n disc ceramic (2 off) 

10n disc ceramic (2 off) 

1000, axial elect. 10V 
(3 off) 


Semiconductors 
D1 1N4148 signal diode 
D2 to D5 1N4001 rectifier diode 


(4 off) 
LED 5 min Infra red |.e.d. 
LED 6to 
LED 13 


X1 to X3 


5mm l.e.d. std. (yellow) 
(8 off) 

0-8in. 7-segment display 
(common cathode) (3 


ff) 
TR1toTR5 BC548 npn silicon 


(5 off) 
TR6 to 
TR13 


TR14 


BC558 pnp silicon 
(8 off) 
min Infra red 
phototransistor 
X4 1 MHz ceramic resonator 
1C1 PIC 16C57 (see text) 
IC2 7556 dual CMOS timer 


Miscellaneous 
S1 to S4 
(LED1 to 
LED4) p.c.b. switch with 
internal l.e.d. (4 off) 
round rocker switch 
(black) 
servo motor (Futaba 
FP.S14B) 


b. 2-way plug (3 off) 
b. 3-way plug 
b. 4-way plug 


c.b. 2-way skt (3 off) 
.c.b. 3-way skt 
p.c.b. 4-way skt 
28-pin i.c. socket; 14-pin i.c. socket; 
battery holder 4xAA (long type); bat- 
tery clip (PP3 type); box ABS MB6; 
l.e.d. display filter (red); plastic sheet 
0:060in. white; plastic sheet 0-080in. 
white; plastic sheet 0:080in. black; plas- 
tic tube 6mm diameter, 1 strip; plas- 
tic tube 21mm diameter, 100mm; plastic 
glue; paper clip; solder etc.; printed cir- 
cuit board available from the EPE P.C.B. 


Service, code 914. 
£65 


C. 
C. 
C. 


p 
p 
p 
p 
p 


Approx cost 
guidance only 
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Fig. 3. Complete circuit diagram (less servo motor) for the EPE Fruit Machine. Note that resistors R32 to R36 are contained in a single 
s.i.1. package. 
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Top and underside views of the completed p.c.b. Note the electrolytic capacitors and connectors on the underside. 


is connected in monostable mode, giving 
the correct pulse width determined by resis- 
tor R27 and capacitor CS. The voltage at 
the reference pin (pin 11), is adjusted by 
preset VR1 to obtain the 2ms pulse. TRS is 
switched on via link J1 to select a paral- 
lelled resistor pair which generates the Ims 
pulse train, and this is adjusted using preset 
VR2 (see ‘Testing’ — next month). 

There are four isolated power supplies 
to power the l.e.d.s, servo, timer and 
microcontroller i.c.s. In each case, a diode 
“taps off’ the battery supply (D2 to D5), 
isolating and localising any interference. 
Each supply is smoothed and decoupled 
with a capacitor (C6 to C9). The diode in 
the “PIC power” section (D5) reduces the 
maximum voltage for ICI to a safer work- 
ing level, as a new set of four batteries may 
exceed the 6V maximum supply rating for 
this i.c. 

Sound is generated as a square wave, by 
toggling a bit (RCO) on ICI at an ap- 
propriate frequency, (depending on the fea- 
ture), and this signal is connected directly 
to the piezo electric sounder. — 


P.C.B. ASSEMBLY 


The printed circuit board (p.c.b.) com- 
ponent layout and foil master pattern is 
shown in Fig. 4. 


Due to the nature of construction, some 
of the components are not mounted flush 
on the p.c.b, notably the, feature l.e.d.s. As 
a rough guide, the legs of these eight yellow 
l.e.d.s should be cut to a length of 16mm, 
and then should be soldered as high off the 
p.c.b. as possible. 


The eight feature l.e.d.s, the three hold 
switches and the start switch all protrude 
from the front panel of the box, thus the 
cut-outs need to be quite accurately made 
so that the p.c.b. will make a snug fit. The 
main displays have a red filter fitted in 
front of them. This increases the contrast 
of the displays, and it really works! It fits 
in one piece behind the cut-outs in the 


front panel of the box. Note that these 


cut-outs are actually smaller than the dis- 
plays themselves. 

Construction proceeds by first fitting the 
seven links, and all the resistors including 


the presets. Then fit the capacitors, diodes 
and transistors, displays and l.e.d.s. Finally 
fit the switches, but note that the green 
l.e.d. in the start switch needs to be turned 
around. This can be done quite easily by 
disassembling the switch housing with a 
small watchmakers screwdriver, and it is 
easier than it sounds! 

Note that some components are fitted 
underneath the microcontroller chip (IC1). 
Next fit the sockets for the microcontroller, 
and the 7556 timer (IC2). Finally, fit the 
three 1000, capacitors on the back of the 
p.c.b. and fit the i.c.s when required, during 
testing. 

The connectors are also mounted on the 
reverse side of the p.c.b, and because the 
p.c.b. is single-sided, care should be taken 
when soldering the plug pins to it. It may 
be easier to push the pins of the connector 
until they protrude_equally from either side 
of the plastic mounting, and then solder 
them to the p.c.b, pushing the plastic part 
of the connector flush to the p.c.b. last. 

Next Month: Mechanical assembly and 
testing. 
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AST year the small Hampshire 

engineering firm of Stewart Hughes 
won a Queen’s Award for Export 
Achievement by increasing its export 
sales from £266,000 to £2.71 million in 
three years. The increase was largely 
through their R & D into a method of 
detecting mechanical faults in helicopters 
at an early stage. This was an exercise 
which also won them the American 
Helicopter Society's Harry T. Jensen 
award for contributing towards the safety 
of aircraft. 

The Company, established 14 years 
ago, Originated as a department of 
Southampton University. Both Chairman 
Ron Stewart and his M.D. Tony Hughes 
had worked in the University’s Institute of 
Sound and Vibration, specialising in the 
diagnosis of machinery faults by analys- 
ing vibration signals. Their development 
of this technique has resulted in the 
unique design of a box for helicopters 
to be used as part of the Flight 
Data Recorder which controls the Crash 
Protection Unit. 

The approach they use is the HUMS 
system (Health Usage Monitoring Sys- 
tems). Incorporating Inmos_ transputers, 
the latest generation of the system 
Carries out continuous automatic vibration 
analysis of the components within the 
helicopter drive train, thereby helping to 
detect mechanical faults at an early stage. 

A factor of considerable importance is 
the ability of the system to distinguish 
one gear from another. “‘It is important to 


Circuit boards showing the use oF Xilinx FPGAs in Systems devalanee by Stewart 


know which gear is faulty,’’ says Con- 
sultant Systems Engineer Max Hadley, 
“otherwise a signal indicating merely 
that the gearbox was faulty would mean 
having to change the whole box, dis- 
mantle it completely and inspect every 
gear. It is essential that aircraft are able to 
be turned around quickly, and with this 
system the faulty part can be identified 
instantly and replaced with minimum 
delay while the aircraft is in service.”’ 

The system uses software called the 
Flight Regime Recogniser which also 
looks at data signals from additional 
sensors throughout the aircraft. These 
too are recorded in the Crash Protection 
Memory, made by Penny and Giles of 
Dorset. 

More advanced technology using 
Xilinx 4000 FPGAs (Field Programmable 
Gate Arrays) has been developed to meet 
military specifications for 100 systems 
supplied to the Canadian Defence forces 
for a fleet of helicopters ordered from Bell 
Helicopter. 

“These FPGA devices are interesting 
because the data held within them can be 
readily reconfigured in situ,” says Mr 
Hadley. ‘When the system is switched 
on, the first thing the software does is 
to load the hardware configuration into 
the FPGA which then starts the main 
software. It is a highly complicated sys- 
tem configuring from a common set of 
data which contains that for the FPGAs 
and the software for the Inmos proces- 
sors. All this data can be uploaded into 





hughes for use in helicopters servicing the North Sea oil rigs. 
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ENHANCED AIR/SEA SARE TY 


British enterprise 
vibrantly leads 
the international 
high-flyers 


by Hazel Cavendish 





the box via a connector in the front panel 
from a special adapter card which can 
be plugged into a lap-tap PC. All the 
software and FPGA configuration is held 
in flash memory within the box. 

“As far as | know, we are the first com- 
pany anywhere to use transputers in a 
certified piece of civil avionics. The idea 
of systems being able to be programmed 
in the field without having to go back to 
manufacturers to have a chip removed 
and a new one soldered in, is just taking © 
off.”’ 

This autumn the Company also landed 
a six-figure contract with the American 
Defence Department by designing ‘‘a 
little black box” the size of a standard 
pack of corn-flakes which will monitor 
the cooling system of a Spruce class 
destroyer, a task previously done by 
personnel. 

Stewart Hughes beat off the competi- 
tion from top US companies specialising 
in electronic technology with its Intel- 
ligent Sensor Interface, which Max Had- 
ley, who directed the development, des- 
cribes as ‘‘a complete Star-Trek type of 
automated maintenance.” 


Handy Third 
Hand 


The new Panavise JR is a vice that is 
more like a third hand than a tool. Work 
can be moved through three planes without 
removing it from the vice. The head is 
designed to rotate and swivel 360 degrees, 
and is able to pivot 210 degrees. One turn 
of the control knob, and you are able to 
securely position your work exactly where 
you want it. 

The parallel closing jaws have an open- 
ing from 0mm to 730mm and are made 
of strong fibre reinforced thermal plastic 
for careful but firm holding of your work. 
The vice weighs in at only 567g, yet the 
body is made of cast zinc which provides a 
firm base that can also be bolted down. Its 
versatility makes it perfect for dozens of 
uses such as soldering, drilling, painting, 
gluing, assembling, fly-tying, repair, and 
even industrial use; ideal for the profes- 
sionals, weekend professionals and do-it- 
yourselfers alike. 

The Panavise JR has a retail price of 
£23.44 (including VAT) and is available 
from many hardware stores, hobby and 
model shops, or with £4.95 carriage from 
Longs Ltd., Dept EPE, Hanworth Lane 
Trading Estate, Chertsey, Surrey KT16 
9LZ. Tel: 0932 561241. 
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AF PDM 
AMPLIFIER 


The first in a range of modular PDM (Pulse Duration Modulation) audio 
frequency amplifiers for experimenters and systems engineers has been intro- 
duced by D-Systems. | 

The appeal of PDM modules lies in their versatility. They work by encoding 
the audio signal as a proportional variation in the mark/space ratio of a high 
frequency power switch and decoding passively at the output. The system 
encodes the whole audio signal without sampling. 

The audio performance is up to the standards of the best hi-fi amplifiers 
available and distortion is almost completely second harmonic and mostly 
below 0-2 per cent. This generally excellent performance, and the high ef- 
ficiency and low standby current consumption, makes the modules suitable for 
general purpose battery-powered monitoring use, possibly in remote locations 
using solar powered supplies. They can also be used as booster amplifiers for 
personal stereos. 

The first of D-System’s PDM modules is the PMI which operates on a 
single 9V or 12V rail with quiescent current drain of only 400 microamps. 
Full power bandwidth is 10Hz to 100kHz at 6W into 3ohms with a conver- 
sion efficiency of more than 90 per cent. Sensitivity is 0-7V r.m.s. input for 
full rated output. The price of the PMI is £14.35, inclusive of post and 
packing. 

For further information contact D-Systems, Dept EPE, Moss Drive, Has- 
lingfield, Cambridge CB3 7JB. Tel: 0223 871555. 


Tactile Audio 


A new radio cassette player-recorder has arrived onto the market designed 
specifically for those people with visual or physical disabilities who find con- 
sumer products complicated and difficult to operate. 

Designed and manufactured by Clarke & Smith Industries and commis- 
sioned by the British Wireless for the Blind Fund, this user friendly product 
incorporates many special features which are of particular benefit to elderly, 
visually impaired and disabled people. 

For example, the three waveband radio cassette — f.m., m.w. and I.w. — has a 
very simple operating layout. Its large, easy-to-grip operating controls in the 
high colour contrast of yellow on grey, are generously spaced to be easily 
distinguishable and carry tactile symbols for easy identification. _ 

An audible rising/falling tuning tone on the digital push button indicates the 
radio band position, and an audible “cue” and “‘review”’ facility helps the user 
to locate a particular position on a cassette tape. In addition, a large yellow 
safety knob sits on the end of the aerial, a surprisingly common danger for 
those with failing sight or with young children. | 

Along with these special features, this hard-wearing radio cassette has all the 
facilities such as five preset stations for each waveband, allowing up to fifteen 
stations to be stored. It has a high quality four inch speaker, is mains or battery 
operated and is easily serviceable. 

For further information contact: Jane Marren, Clarke & Smith Industries, 
Dept. EPE, Melbourne House, Melbourne Road, Wallington SM6 8SD. Tel: 
081 669 4411. 
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The savings 
start here! 


Use this coupon to claim a 
£1.50 discount on up to 







' THREE tickets Pos. ! 
i to the va ! 
' Christmas i £ ! 
1 Computer 
i Shopper ! ; ! 
Show , : 
| Grand Hall, Olympia, London. | 
| _ = : 
BLENHEIM ! 
Sponsored by Computer Shopper Magazine 
Show opening times 
Thursday 1 - Saturday 3 December 10.00am - 6pm 
Sunday 4 December 10.00am-5pm_—s} 
! Photocopies not valid. Valid on entry to show only. 
| 1am claiming £1.50 off 1] or 2(] or 3(] tickets. PLEASE TICK. 


TRY THE 
INTERNET! 


You are sure to have heard about the Internet, the infor- 
mation highway and the global village, but do you really 
know what it means and how you can access it? You can 
find out more by going to the Christmas Computer Shopper 
Show at Olympia and visiting Carrera Technology who will 
allow you to access the network direct from their stand. 

On their stand will be displayed the first Internet-ready 
PCs in the UK with Easynet software and a US Robotics 
Sportster modem pre-installed. Hooking up to the Net then 
becomes simply a matter of plugging the machine into a 
phone line. 

As a special show promotion, Carrera Technology will 
also be offering free vouchers for use in the newly opened 
central London cafe, Cyberia — the UK’s first cybercafe — 
which has a range of Internet-ready PCs. 

To help you visit the show we are pleased to include 
above a special voucher which allows you £1.50 off the 
entry ticket price. The show is to be held at the Grand 
spa Olympia, London from the Ist to the 4th of December 
1994. 

For more information, please contact Helen Sheffield on 
081 742 2828. 


Lithium saves iceman! 


Lithium cells supplied by Saft Nife helped the remark- 
able Rupert Hadow to return from the polar ice safely 
after the 32-year-old Scot failed earlier this year to walk 
410 miles, unaided, to the North Pole. Temperatures of 
— 45°C and two falls into arctic water ended this year’s 
attempt after 24 days, but the long-life, low-tem- 
perature lithium cells, in battery packs assembled by 
Woolsery Electronics of Bideford, continued to power 
radiocommunications and satellite navigation equip- 
ment perfectly. 

Not all applications are as gruelling as the Sector 
Ice Man Challenge, but Saft Nife’s high energy den- 
sity, lightweight and reliable LSH lithium cells are ideal 
power sources for emergency applications for medium 
and high drain use, and where high start-up voltages are 
required after long storage periods. 

For further information contact: Antoinette Leach, 
Saft Nife Ltd., Dept. EPE, Station Road, Hampton, 
Middlesex TW12 2BY. Tel: 081-979 7755. 
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with David Barrington 
EPE Fruit Machine 


Apart from the pre-programmed 
microcontroller, several other components 
required to complete the EPE Fruit Machine 
need special mention and may not be 
obtainable locally. 

Starting with the most important device first, 
the ready programmed PIC16C57 controller 
chip is available from the authors, price £12. 
The coloured, self-adhesive front panel over- 
_lay is also available from the same source for 
the sum of £2. Please add 50p for UK p&p 
and £2.50 for Overseas postage and pack- 
ing. Orders:should be sent to: Dept EPE, 28 
Blisworth Close, Yeading, Hayes, Mid- 
dlesex, UB49RF. MA/L ORDER ONLY. 

The 0:8in. 7-segment displays must be the 
» | ‘common cathode” types. The ones used in 

the model are designated HDSP3405. An 
alternative type is the RS588-960 (code) 
stocked by Electromail, the RS mail order 
outlet. 

The servo motor is the Futaba type 
- FB.S14B and should be stocked by most 
~ . good model shops. A range of low voltage 
servos are stocked by Magenta Elec- 
tronics and one of these may work here but 
. they have not been tried in the unit. 

The switches with an integral l.e.d. are 
Maplin type JUO4E (red) and JUOD5F 
(green). On/off switch also came from 
above, code JR9GE. 

The printed circuit board is available from 
the EPE PCB Service, code 914. 


, _ Universal Code Lock 

” The. Universal Code Lock circuit has been 
“designed to operate with virtually any key- 

it ‘pdard"as long as‘ it has a matrix formation, 
_1.e..rows and columns, and is not one with a 





common connection. Choice of keypad will, 
of course, depend on application. 

The choice of small keypad is quite large 
and people like Bull Electrical, Green- 
weld, Maplin, in fact, most of our com- 
ponent advertisers should be able to offer a 
suitable type. The solenoid/lock mechanism 
may have to be purchased from your local 
hardware/DIY store, but someone like Bull 
or Greenweld may have one hidden away 
amongst their vast stocks of unusual items. 

The custom programmed PIC1654RC 
microcontroller i.c. is available from the 
designer — Mail Order Only — for the sum of 
£9.50 including postage. Customers outside 
Europe are asked to add an extra £2 for 
postage. Orders should be sent to: B. 
Trepak, Dept EPE, 20 The Avenue, 
London, W13 8PH. 

The printed circuit for the Code Lock is 
available form the EFPE PCB Service, code 
922 (See page 975). 


Video Modules 

All components listed for the Wiper mod- 
ules and the Audio Mixer, this month’s Video 
Modules projects, appear to be ‘‘off-the- 
shelf’ items and should be obtainable from 
your regular component supplier/advertiser. 
The printed circuit boards are available from 
the EPE PCB Service, codes 916 (Horiz. 
Wiper), 917 (Vert. Wiper) and 918 (Audio 
Mixer). 

The case shown housing the modules is 
not specified as it was felt readers may care 
to choose their own, also it usually sells 
for over £30. The one used by the author 
is known as a “1U” type and measures 
432mm (W) x 45mm (H) x 254mm (D), the 


_ front plate is, of course, 19 inch (428mm) 





wide. This was originally purchased many 
months ago from Rackz Products (4 
0749 840102). Most of our advertisers will 
be able to offer something similar. 


Rodent Repeller 

The main outlay for constructors of the 
Rodent Repeller project will be the purchase 
of the Xenon flash unit. This was selected 
from the range of ‘burglar alarm accessories”. 
stocked by Maplin and is the “‘clear” ver- 
sion of the low profile Xenon Flasher, code 
ZC16S (clear). 

The “scare” buzzer was also obtained from 
the above source and is the High Power 
Buzzer, code FK84F. This has a claimed 
operating range of 3V to 24V d.c. and an 
output power of 103dB. at one metre. One 
further point, the sounder must be the type 
with internal drive circuitry — other types will 
not work here. 

It is important to use a good quality mains 
transformer which also has an adequate cur- 
rent rating. This will remain cool in operation 
during continuous use. Suitable transformers 
are listed by Greenweld (code 88-0255) 
and Maplin (code YN15R). The printed 
circuit board is available from the FPE PCB 
Service, code 913. Finally, pay special atten- 
tion to the notes about mains wiring, its 
the unwanted visitors we want to remove! 


Spacewriter Wand 

Another special pre-programmed chip 
is called for this month in the novel 
Spacewriter Wand, the first of our offerings 
for the festive season. This device is only 
available from Magenta. 

A complete kit of parts, including p.c. b. 
and chip loaded with the message Merry 
Xmas, for the Spacewriter Wand is available 
from Magenta for the sum of £16.99 plus £3 
post and packing. Magenta Electronics, 
Dept EPE, 135 Hunter Street, Burton- 
on-Trent, Staffs, DE14 2ST. Kitcode 849. 

The printed circuit board is obtainable 
from the EPE PCB Service, code 921. 
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ALAN WINSTANLEY > 


° Welcome once again to our popular coins devoted t to reaiters’ problems and 























circuit suggestions. This month, we offer some advice to those constructors who 
.<jatoricate their own printed circuits boards at home, and help with a query on 


gery marks my first year at the helm 
our “agony column” — I hope readers 
continue to find it varied, interesting and 
helpful. Remember, this is your column, 
so if you have any suggestions for circuit 
‘ideas which you would like us to inves- 
tigate, or any topical comments which 
-you would like to make, please write:to 
Circuit, Surgery. at the editorial address. ' 


All wound up , 

We have a mixture of both theoretical 
and practical topics this month, start- 
ing with a query from a_ budding 
radio amateur in South Africa. Mark 
Lamprecht of Durban, 4001 Natal posed 
a question relating to the techniques for 
winding simple coils. 

I’ve just started a course in vena 
Radio and am really keen to build my 
own equipment. However, I’ve discovered 
a problem when trying to construct induc- 
tors and hope you can offer some advice. 
“Suppose an inductor is, say, 100uH.in 
value — then how many turns .of wire is 
that? What gauge wire can I use? Is there 
a formula that one could apply or is ita 
case of hit and miss? I would: be. very 
grateful for any helpful suggestions you 
could offer. 2 

There isn’t a particular problem when 
winding inductors; thanks partly to the 
availability . of ferrite core kits which 
permit you to custom-wind these com- 
‘ponents to a high degree of accuracy. For 
example the “RM” series or similar ferrite 
cores are available in kit form from 
- several of our advertisers (see later). 

. The unit of inductance is sha led: 
symbol H, named after the: American 
- physicist Joseph Henry who was credited 
with the discovery of the principle of 
self-inductance in 1832 (data: Microsoft 
-Encarta™). The usual units of measure- 
ment of inductance are these: 
milliHenry (mH, | x 10-3 Henrys) 
microHenry (H,.1 x 10— 6 Henrys) 
- nanoHenry (nH, 1.x 10-9 Henrys) 
The inductance of a coil is propor- 
, tional to the square of the number. of 
-turns on. the core, and: it’s desirable. .to 


Tern month’s edition of Circuit Sur- 
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winding your own inductors. 


use the largest diameter gauge of 
enamelled copper wire which can be 
accommodated on the chosen core. A 
larger diameter wire has a larger cross 


‘sectional area together with a lower 


electrical resistance than a narrower 
gauge. So it’s best to wind on the thickest 


wire possible, which the core will allow, 


for the specified number of turns. 

This brings us to the next question, 
how many turns? The formula you need 
is the following: ! 


is, flo 
N A. 


where N is the required number of turns, 
L is the desired inductance and 47, is the 
specific inductance of the ferrite core — in 
effect, a measure of the inductance per 


turn. 


A useful data sheet no. K5774 is pub- 
lished by RS/ Electromail which describes 
their own product selection. If you know 
the number of turns required, the data 


Sheet will help to choose the appropriate 


core and also the gauge of the wire. 


Praying mantissa! 


The parameter A; is an inductance 
factor which is specific to each type of 
core. It could range typically from 
160nH to 400nH or more. A particular 


_trap in the above equation concerns the 


value of L which, if the data specifies A; 
in nH, must be stated in nanoHen- 
rys also. If for example Mark’s coil 
is 100uH, you can convert this to 
nanoHenrys quite easily using “‘scientific 
notation” which saves having to write 
lots of noughts. Here’s a quick reminder: 


L = 100nH = 100 x 10-6 Henrys 
= 1x10-4 Henrys in_ scientific 
notation. Convert this to nH. 


Mathematicians: will know that the 
“1”? igs termed the mantissa whilst the 
10-4 is the exponent. In order to 
multiply numbers together using scien- 
tific notation, one multiplies the mantis- 
sas together whilst adding the powers 
(exponents). Recall that nanoHenrys are 


expressed as 10-9 Henrys. Working 
backwards from all this, a value of 
1x 10-4 Henrys equals 1 x 105 x 10-9 
Henrys — i.e. 1x 105 nanoHenrys. The 
less academic conversion factor is simply 
1nH = 0-001yH, implying that 100yH is 
equivalent to 100,000 nH (1 x 105). Take 
your. pick, depending on. your mathe- 
matical inclinations. : 

The choice of ferrite core may some- 
times depend on the frequency of opera- 
tion. In some applications (e.g. power 
supply filters), the d.c. current becomes 
relevant too and this also determines the 
wire gauge. For this example let’s select 
the smallest pot core in the range, which 
has a value for A; of 160nH.. 

To fabricate a 100uH inductor, we can 
use the above formula to calculate the. 
required number of turns and we obtain 
a figure of just 25 turns (i.e. the square 
root of 625). Tables included in the data 
sheet tell us that the specified pot core 
(RS Order Code 228-214) will accept 
25 turns of a maximum wire diameter 
of 0-56mm (approximately 24 standard 
width gauge), so that’s the optimum wire 
gauge to plumb for when selecting the 


_ enamelled copper wire. 


~ Several of our regular advertisers 


_ stock a comprehensive range of induc- 


tors,’ferrites and other r.f. components. 
In ‘particular, ElectroValue Ltd (4p 0784 


_ 442253) deserve a special mention be- 


cause of their comprehensive range of 
Siemens ferrites whilst CirKit Distribu- 
tion (P0992 448899) are the UK 
stockists of Toko products. 

Several others, including Maplin, also 
list a useful selection of components. 
You could possibly check out a modest 
book entitled Coil Design and Construc- 
tion Manual published by Babani which 
is listed by our own Direct Book Service 
(code BP160), price £2.50 plus P&P. This 


might help further. 


P.C.B. techniques 


Back in the September issue I touched 
on the subject of making your own 
printed circuit boards (p.c.b.s) using the 
ultra violet system. Whilst the EPE PCB 
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Service is as popular as ever, we’re of 
course well aware that many readers do 
prefer the satisfaction of etching and 
fabricating the boards for themselves at 
home. I’ve received several letters from 
readers asking for some advice on this 
topic. 

If you decide to dabble with p.c.b. 
‘production yourself you can adopt one 
of two approaches. Either use a “di- 
rect etch”’ method, whereby etch resis- 
tant transfers are physically applied to 
the copper foil of a “blank” p.c.b. — 
then immerse the whole board in ferric 
chloride etchant for a period to remove 
the unwanted copper. Afterwards, polish 
off the etch resist transfers and then drill 
out the copper pads. 

I can recommend the Alfac range of 
transfers, which are listed both by Green- 
weld (4p 0703 236363) and ElectroValue 
Ltd (P0784 442253). They are used ex- 
actly like rub-down lettering. 

This method is fine for quicker Aieol 
boards but there are several drawbacks: 
the artwork is destroyed each time after 
etching, so it’s really irksome if you need 
to produce a small quantity of boards; if 
you find you’ve made a mistake, error 
correction is impossible after etching, so 
you have to start all over again — the 
same applies if you find that you want to 
modify the circuit after performing some 
circuit trials. You can’t save the artwork 
for reference in the future, and it’s ex- 
tremely inconvenient if not impossible 
to originate the artwork if the circuit is 
complex. 

To relieve this tedium you can use the 
ultraviolet (UV) technique, though it’s 
more expensive and a little more com- 
plex. For the benefit of less experienced 
readers, Fig. 1 is a basic illustration 
showing how the UV system works. 


ACB ALUKA 


The desired copper track pattern is 
first drafted onto a clear acetate or 
polyester film, again Alfac transfers are 
ideal here. This means that the artwork 
can be amended now or in the future, 
and can be re-used to produce more of 
the same design at a later date. You can 
also copy magazine artwork using the 
same system, by tracing it from the page. 

A blank p.c.b. is used which has to be 
coated with a special UV photo-sensi- 


tive lacquer. Either buy pre-sensitised 


boards (which I much prefer to work 
with) or use a special aerosol spray-on 


coating. The next step is to place the > 


artwork ‘“‘positive’” over the prepared 
board (right way round of course!) and 
then expose the board to an ultraviolet 
light source for a period of typically 
between ten to twenty minutes or so. 

The exposed board is subsequently 
developed either using a proprietary 
developer or a weak solution of Sodium 
Hydroxide (domestic caustic soda). This 


will dissolve away the UV lacquer which 


has been subjected to UV light, so all 
that will remain is photo-resist lacquer 
which had been masked by the p.c.b. 
artwork. The lacquer is resistant to 
etchant and the board can be etched in 
ferric chloride in the usual way. 

With the unwanted copper now 
removed, a quick swab of acetone (nail 
varnish remover) afterwards will dissolve 
away the lacquer to reveal the copper foil 
track pattern, and the board may now be 
drilled to obtain a really crisp, 
professional finish. 


P.C.B.s exposed! 


Of course, you need a UV light source 
for this technique and you might con- 
sider making your own. I previously 
suggested the UV Exposure Unit we 


Iw Ultra Violet 
Light | 
Source 


Artwork 
Master 


J Photo-sensitive 
‘ — glass fibre 
printed circuit 
board 





Fig. 1. Basic UV method of p.c. b. fabrication: 1 Expose to UV light through artwork. 


2 Develop. 3 Etch. 
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published back in October 1991. Reader 
Frank Bagshawe of Buxton, Derbyshire 
had a few useful tips for those con- 
templating building an exposure unit for 
themselves: 

The project you recommended for the 
construction of a UV light box is 
straightforward apart from the winding of 
the transformer. My difficulties with 
winding this led me to purchase a 
fluorescent tube driver from Maplin ( Auto 
Light YZ35Q), similar types are also 
available from Greenweld as single or twin 
tube types L1652 or L1655. 

The 8W UV tubes themselves were 
sourced from Maplin (FJ55K). This com- 
bination of parts works satisfactorily from 
a 12V mains power supply. However, I 
have come across boards which are said to 
react to daylight — could you give a few 
tips on exposure times for these boards? 

Thanks for the information on your 
alternative approach to making a UV 
light unit. As far as timing’s concerned, 
when you're exposing a photo- -resist 
board to ultra violet light it’s essential 
that the UV is allowed to penetrate 
through the entire depth of the lacquer 
so that it reacts thoroughly. 


Exposure value 

Failure to expose for long enough will 
result in just the surface layer of the 
lacquer developing away, and a residue 
of resist will remain on the board render- 
ing it useless for etching. It takes a little 
experience to familiarise oneself with the 
technique, and how long you expose for 
depends on the combination of UV 
power, the thickness of the photo-resist 
lacquer and the distance between the 
light source and the board. 

Mr. Bagshawe mentioned that some 
boards are available which could be ex- 
posed using ordinary daylight. Perhaps 
so — but it’s strictly a matter of trial 
and error as it relies on the UV content 
of natural daylight. It depends on the 
time of day (and year), the weather, and 
where you live! 

I doubt if anyone will ever obtain con- 
sistent and repeatable results simply by 
using daylight, especially in the British 
climate where the only thing predictable 
about it is that it’s unpredictable! With- 
out a doubt an exposure unit will save a 
lot of heartache — and you can do it at 
night! 

It’s probably a good idea to err on the 
side of caution by over-exposing the 
board somewhat, to ensure that the 
photo-resist reacts all the way through. 
In theory, serious over-exposure will only 
cause problems when the UV light 
penetrates through the artwork if the 
light-proof symbols are not sufficiently 
opaque, or by undermining the transfers 
at their edges and affecting the lacquer 
underneath. 

The latter is only likely to be a 
problem if your design has very fine 
copper conductors: they may then be 
etched away completely in places. Un- 
der-exposure is likely to be much more of 
a nuisance. 

I find that etch-resistant aerosol sprays 
can cause a variety of problems. Because 
the coating on the p.c.b. may be con- 
siderably thicker (and not necessarily 
uniform), exposure times may be incon- 
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sistent and sometimes I find that I have 
under-exposed. 

It’s wise to experiment with some 
scrap board to find the optimum ex- 
posure times and generally become ac- 
quainted with the behaviour of the spray 
lacquer. A period of 20 to 30 minutes 
exposure has been known, but it depends 
on the power of your UV exposure unit. 
Sprays are handy though if you have 
ruined a pre-sensitised board for any 
reason, when at least you can try to 
re-use the blank board again. 

My own UV unit has two 8W tubes 
which is fine for my needs, and a period 
of roughly 15 minutes seems average 
for ready-coated boards. Incidentally, 
I described a simple constructional 
project UV Exposure Timer in the July 
1992 issue of Everyday Electronics. The 
mains-powered unit offers switched time 
delays between 2 to 24 minutes for your 
ultra violet light box and helps to ensure 
that you avoid accidentally under- 
exposing your boards. The circuit board 
(only) for this project is still available 
from the EPE PCB Service, Code No. 
797. 


Alternative UV unit 


Steve Knight — author of the excellent 
Calculation Corner series which has been 
widely applauded by readers — dropped 
in and suggested an alternative for a 
DIY mains powered UV unit. Steve 
suggests: 

I found the best bet is to get hold of 


_an ordinary 300W UV Sunlamp from a 


chemists or wherever, and fit it in an open 
box as per the sketch of Fig. 2. The dimen- 
sions aren't critical and the box is made 
from odd pieces of chipboard. 

Paint the inside matt black and off you 
go! I suggest give the lamp a few minutes 
to warm up, and with the board about 
10 inches/ 25cms away, I find that five 
minutes is the required time. 

It’s worth investigating Steve’s idea as 
the cost savings over a commercial unit 
are substantial. You MUST however 
take suitable precautions when dealing 
with ultra violet light. It can damage 
eyesight and therefore you should not 
gaze at the light with the naked eye. (We 
strongly suggest that, for personal safety, 
a curtain or hinged flap is placed across 
the front opening of the unit. Ed.) 

I would also warn novices of the 
dangers of using ferric chloride etchant — 
please wear gloves and goggles and avoid 
splashing this corrosive fluid on any- 
thing. 


Mains 
batten 
holder 





Chipboard 
300w OF Contiboard 


suniamp 





Fig. 2. UV exposure cabinet made with surplus chipboard and a 300W sunlamp. 
Take care not to view the UV light with the naked eye. 


GCSE Support _ 

Many GCSE Electronics/Design & 
Technology students write to the Surgery 
at this time of year seeking assistance 
with their chosen project. I’m only too 
happy to pass on a few _ pointers 
wherever possible, but Circuit Surgery 
does not provide specific circuits for 
projects as it is imperative that students 
research and develop the circuitry for 
themselves. 

Our 12-part educational series Teach- 
In '93 was specially written to support 
GCSE and Advanced Level Electronics, 
and as part of the course we designed the 
Teach-In Mini Lab and the advanced 
Micro Lab training units. We’re pleased 
to say that because of demand we have 
now released the series as a complete 
book, available from your local New- 
sagent or from the Direct Book Service. 
Hobbyists and constructors will also find 
it useful for brushing up on theory, and 
the completed Mini Lab forms a com- 
plete test-bed to help you develop your 
own circuits. 


EVERYDAY) 
WITH (PRACTICAL, 


ELECTRONICS 


NEWSAGENTS ORDER FORM 


Please reserve/deliver a copy of 
Everyday with Practical Electronics for me each month. 


Finally this month, don’t forget 
our re-introduced IJngenuity Unlimited 
column — if you have any circuit ideas of 
your own for possible inclusion 
then please send a brief descrip- 
tion (preferably typewritten or word- 
processed) with neat diagrams showing 
relevant component values, to myself at 
the following address. Ideas must be the 
readers’ own work and we will pay 
between £10 to £50 for all circuits used 
depending on their length and technical 
merit. We will publish a selection at 
suitable intervals. | | 

Send your circuit ideas to Alan 
Winstanley, Ingenuity Unlimited, Every- 
day with Practical Electronics, Wim- 
borne Publishing Ltd., Allen House, 
East Borough, Wimborne, Dorset BH21 
IPF. Or you can write to Circuit Surgery 
at the same address. 


Next Time 
In the next Surgery, I hope to look at 


_ regulated power supply design together 


with heatsink calculations, and more! 


Name and Address 
(BLOCK CAPITALS PLEASE) 


Everyday with Practical Electronics is published on the first Friday of each month and distributed by Seymour. 
Make sure of your copy of EPE each month -— cut out this form, fill it in and hand it to your newsagent. 
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Mike Tooley, BA 


Part 3 





provide you with a comprehensive and up-to-date 
introduction to the world of electronics. The series 





is based on Electronics Workbench, a remarkable. new _ 
software package that lets you use your PC to build and . 


test a wide range of circuits. A special low-cost version 
of this software (with all the parts and test instruments 


LECTRONICS from the Ground Up is ‘designed to 


needed to complete the series) i is available to readers, see 
. later for how to order. * 


“In this third part we introduce semiconductor diodes. 
We investigate the behaviour of half-wave and full-wave 
rectifiers and develop these into complete power 
supply circuits incorporating smoothing ana voltage 
regulation. , 





SEMICONDUCTORS 

Atoms contain both negative charge 
carriers (electrons) and positive charge 
carriers (protons). Electrons each carry a 
single unit of negative electric charge whilst 
protons each exhibit a single unit of posi- 
tive charge. Since atoms normally contain 
an equal number of electrons and protons, 
the net charge present will be zero. For 
example, if an atom has eleven electrons, it 
will also contain eleven protons. The end — 
result is that the negative charge of the 
electrons will be exactly balanced by the 
Positive charge of the protons. 

Electrons are in constant motion as 
they orbit around the nucleus of the 
atom. Electron orbits are organised into 
shells. The maximum number of electrons 
present in the first shell is two, in the 
second shell eight, and in the third, fourth, 
and fifth shells it is 18, 32, and 
50 respectively. In electronics, only the 
electron shell furthermost from the nucleus 
of an atom is important. It is important to 
note that the movement of electrons only 
involves those present in the outer valence 
shell. 

If the valence shell contains the max- 
imum number of electrons possible the 








electrons are rigidly bonded together and 
_the material has the properties of an in- 
-sulator. If, however, the valence shell does 
not have its full complement of electrons, 
‘the electrons can be easily loosened from 
their orbital bonds, and the material has 
the properties associated with an electrical 
conductor. | 


i 
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An. isolated silicon atom contains four 
electrons in its valence shell. When silicon 
atoms combine to form a solid crystal, each 
atom positions itself between four other 


silicon atoms in such a way that the | 


valence shells overlap from one atom 
to another. This causes each individual 
valence electron to be shared by two 


_ @ —— Nucleus 


ws 


. an & << Shared electrons 


a 


oz Valence shell 


Fig. 3.1 Lattice showing covalent bonding. 
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atoms, as shown in Fig. 3.1. By sharing the 
electrons between four adjacent atoms, 
each individual silicon atom appears to 
have eight electrons in its valence shell. 
This sharing of valence electrons is called 
covalent bonding. 

In its pure state, silicon is an insulator 


‘because the covalent bonding rigidly holds 


all of the electrons leaving no free (easily 
loosened) electrons. to conduct current. 


If, however, an atom of a different ele- 


ment (i.e., an impurity) is introduced that 
has five electrons in its valence shell, a 
surplus electron will be present. These free 
electrons become available for use as 
charge carriers and they can be made 
to move through the lattice by applying 
an external potential difference to the 
material. 

Similarly, if the impurity element intro- 
duced into the pure silicon lattice has three 
electrons in its valence shell, the absence 
of the fourth electron needed for proper 
covalent bonding will produce a number of 
spaces into which electrons can fit. These 
spaces are referred to as holes. Once 
again, current will flow when an exter- 
nal potential difference is applied to the 
material. 
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Regardless of whether the impurity ele- 
ment produces surplus electrons or holes, 
the material will no longer behave as an 
insulator neither will it have the properties 
that we normally associate with a metallic 
conductor. Instead, we call the material a 
semiconductor — the term simply indicates 
that the substance is no longer a good in- 
sulator or a good conductor but is some- 
where in between! 

The process of introducing an atom of 
another (impurity) element into the lattice 
of an otherwise pure material is called 
doping. When the pure material is been 
doped with an. impurity with five electrons 
in® its valence shell (i.e., a pentavalent 
impurity) it will become.an n-type material. 
If, however, the pure material is doped with 
an impurity having three electrons in its 


valence shell (i.e., a trivalent impurity) it _ 


will become p-type material. N-type semi- 
‘conductor material contains an excess 
of negative charge carriers, and p-type 
material contains an excess of positive 
charge carriers. 


DIODES 


When a junction is formed between 
_ n-type and p-type semiconductor materials, 
-the resulting device is called a diode. This 
-component offers an extremely low resis- 
tance to current flow in one direction and 
an extremely high resistance to current 
flow in the other. This characteristic allows 
the diode to be used in applications that 
‘Tequire a circuit to behave differently ac- 
f cording to the direction of current flowing 
. in it. 
An ideal diode would pass an infinite 
current in one direction and no current at all 
“in the other direction. In addition, the diode 
a ‘would start to conduct current when the 
smallest of voltages was present. In practice, a 
small voltage must be applied before con- 
duction takes place. Furthermore a small 
leakage current will flow in the “reverse” 


Depletion layer removed, 
free charge carriers exist 


se Free electron movement 


O—— Hole movement 





Fig. 3.3 Forward biased P-N junction. 


| Depletion layer widened, 
no free charge carriers exist 





_. Fig. 3.4 Reverse biased P-N junction. 


Current flows 


No current flow 


Depletion layer where 
no free charge carriers exist 





Fig. 3.2 P-N junction diode. 


direction. This leakage current is usually a 


very small fraction of the current that flows in. 


the “forward” direction. 

If the p-type semiconductor ‘material is 
made positive relative to the n-type material 
by an amount greater than its forward 
threshold voltage (about 0-7V if the material 
is silicon and 0:2V if the material is ger- 
manium), the diode will freely pass current. 
If, on the other hand, the p-type material 
is made negative relative to the n-type 
material, virtually no current will flow unless 
the applied voltage exceeds the maximum 
(breakdown) voltage that the device can 
withstand. Note that a normal diode will be 
destroyed if its reverse breakdown voltage 
is exceeded. 

A semiconductor junction diode is shown 
in Fig. 3.2. The connection to the p-type 
material is referred to as the anode whilst 
that to the n-type material is called the 
cathode. With no externally applied poten- 
tial, electrons from the n-type material will 
cross into the p-type region and fill some of 
the vacant holes. This action will result in the 
production of a region either side of the 
junction in which there are no free charge 
carriers. This zone is known as the depletion 
region. 

A junction diode in which the anode 
is made positive 
with respect to the 
cathode is shown 
in Fig. 3.3. In 
this forward-biased 


Reverse voltage (V) 


Germanium 
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condition, the diode freely passes current. A 
diode with the cathode made positive with 
respect to the anode is shown in Fig. 3.4. In 
this reverse-biased condition, the diode 
passes a negligible amount of current. In the 
freely conducting forward-biased state, the 
diode acts rather like a closed switch. In the 
reverse-biased state, the diode acts like an 
open switch. 

If a positive voltage is applied to the p-type 


_ material, the free positive charge carriers will 


be repelled and they will move away from 
the positive potential towards the junction. 
Likewise, the negative potential applied to 
the n-type material will cause the free nega- 
tive charge carriers to move away from the 
negative potential towards the junction. 

When the positive and negative charge 
carriers arrive at the junction, they will:attract 
one another and. combine (recall that unlike 

charges attract). As each negative and posi- 
tive charge carrier combine at the junction, a 
new negative and positive charge carrier 
will be introduced to the semiconductor — 
material from the voltage source. As these 
new charge carriers enter the semiconduc- 
tor material, they will move toward the 
junction and combine. Thus, current flow is 
established and it will continue for as long as 
the voltage is applied. 

As stated earlier, the forward threshold 
voltage must be exceeded before the diode 
will conduct. The forward threshold voltage 
must be high enough to completely remove 
the depletion layer and force charge carriers 
to move across the junction. With silicon 
diodes, this forward threshold voltage is ap- 
proximately 0-6V to 0-7V. With germanium 
diodes, the forward threshold voltage is ap- 
proximately 0:2Vto0°3V. 

Typical characteristics for small — ger- 
manium and silicon diodes are detailed in 
Fig. 3.5. It is worth noting that diodes are 
limited by the amount of forward current 
and reverse voltage they can withstand. This 
limit is based on the physical size and 
construction of the diode. 

In the case of a reverse biased diode, the 
p-type material is negatively biased relative 
to the n-type material. In this case, the nega- 
tive potential applied to the p-type material 


Forward current (mA) 
10 


0.4 0.6 0.8 
Forward voltage (V). 


-3 
Reverse current (yA) 





Fig. 3.5 Typical diode characteristics. 
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attracts the positive charge carriers, draw- 
ing them away from the junction, ' Likewise; 
the positive potential applied to the n-type 
material attracts the negative charge car- 
riers away from the junction. This leaves the 
junction area depleted; virtually no charge 
carriers exist. Therefore, the junction area 
becomes an insulator, and current flow is 
inhibited. - 

The. reverse bias potential. may be. in- 
creased to the reverse breakdown voltage 
for which the particular diode is. rated. As in 
the case of the maximum forward current 
rating, the reverse breakdown voltage is 
specified by the manufacturer. The reverse 
breakdown voltage is usually very much 
higher than the forward threshold voltage. — 

A typical general-purpose diode may be 
specified as having a forward threshold 
voltage of 0-6V and a’reverse breakdown 
voltage of 200V. If the latter is exceeded, 


the diode may suffer irreversible damage. It 


is also worth noting that, where diodes are 
designed for use as rectifiers, manufac- 


turers often quote peak inverse voltage 


(p.i.v.) or maximum reverse repetitive volt- 
age rather than maximum reverse break- 
down voltage. 


Practical assignment 3.1: 
Diode characteristics 

In this practical assignment you will inves- 
tigate the characteristics of a typical silicon 
diode. 


Objectives: 
3.1.1 To plot the forward characteristic 
graph for a silicon diode 


3.1.2 To estimate the forward voltage aioe" 


for a silicon diode at given values of 
current 


Instructions: 
1. Connect the circuit shown in Fig. 3.6 
using a 0:6V battery. 





Fig. 3.6. Circuit for Assignment 3.1. 


2. Switch on the power to your circuit and 
measure the current flowing. Record the 
value of current in Table 3.1. | 

3. Repeat steps 1 and 2 using battery volt- 
ages of 0-625V, 0-65V, 0:675V, 0:7V, 
0-725V and 0-75V. Measure and record 
the current for each value of applied volt- 
age. 

4. Use the results from Table 3.1 to plot 
a graph showing forward current (mA) 
plotted against applied voltage (V). 

5. Use the graph to determine the forward 
voltage drop for a current of (a) 1mA, (b) 
10mA, and (c) 100mA. 


Conclusions: — | 3 
To what extent have the objectives for 
this assignment been met? Comment on 


Forward current (mA) 


§:1V 
(Zener voltage) 


6 -4. 


Reverse voltage (V) 


10 
8. 


; 1 
. Forward.voitage (V) 


-40 


Reverse current (mA) 





Fig. 3.7 Typical characterstics for a 5-1V Zener diode. 


the shape of the graph. Is the shape similar 
to the one you would expect? If not, why 
not? 


ZENER DIODES 


Zener diodes are heavily doped silicon 
diodes which, unlike normal diodes, ex: 
hibit an abrupt reverse breakdown at rela- 
tively low voltages (typically less than 6V). A 
similar effect occurs in less heavily doped 


diodes. These avalanche diodes also ex- 


hibit a rapid breakdown with negligible cur- 
rent flowing below the avalanche voltage 
and a relatively large current flowing once 
the avalanche voltage has been reached. 
For avalanche diodes, this breakdown volt- 
age usually occurs at voltages above -6V. 
In practice, however, both types of diode 
are referred to as Zener diodes. A typical 
characteristic for a 5:1V Zener diode is 
shown in Fig. 3.7. 

Whereas reverse breakdown is a highly 
undesirable effect in circuits that use con- 
ventional diodes, it can be extremely use- 
ful in the case of Zener diodes where 
the breakdown voltage is precisely known. 
When a diode is undergoing reverse break- 
down and provided its maximum ratings 
are not exceeded the voltage appearing 


Unregulated 


input = VIN 





across it will remain substantially con- 
stant (equal to the nominal Zener voltage) 
regardless of the current flowing. This 
property makes the Zener diode ideal i 
use as a voltage regulator. 

A simple voltage regulator is shown: in 
Fig. 3.8. Resistor Rs is included to limit the 
Zener current to a safe value when the load 
is disconnected. When a load (R,) is con: 
nected, the Zener current (Iz) will fall: as 
current is diverted into the load resistance. 
The: output voltage (Vo) will remain at the 
Zener voltage until regulation fails at the 
point at which the potential divider formed 
by resistors Rs and R, produces a lower 
output voltage that is less than Vz. The ratio 
of Rs to R, is thus important. 

_ As the circuit begins to fail to regulate: 


R, 
Mae Vai Re 
where Vin is the unregulated input voltage. 


Thus the maximum value for Rs can ae 
calculated from: : 


Remax = R x 





Regulated 
output = V, 


R, 


Fig. 3.8 Simple Zener diode voltage regulator circuit. 


Table 3.1 Measured values for Assignment 3.1 





Current 
(A) 


926 





Voltage 0-625V | 0-65V | 0-675V 
(V) : 





bad 0:725V | 0:75V 


The power dissipated in the Zener diode, 
Pz = |, x V2, hence the minimum value for 
Rs can be determined from the “off-load” 





condition when: | 
pemin . Mn=Vz = Vin- Vz 
bales k  (Pymax/V2) 
_ WVin—V2)* Vz 
=o Pzmax 
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(Vin x V2) — V2" 


Pzmax 
where Pzmax is the maximum rated power 
dissipation for the Zener diode. 


thus Rsmin = 


Example 

~ A 5V Zener diode has a maximum rated 
power dissipation of 500mW. If the diode is 
to be used in a simple regulator circuit to 
supply a regulated 5V to a load having a 
resistance of 400, determine a suitable 
value of series resistor for operation in con- 
junction with a supply of 9V. 


First we should determine the maximum 


value for Rs: 


Rsmax = RxGe — 1) 
Vz 


his Rana aon) 
SV | 
= 400 x (1-8 - 1) = 3200 


Now to determine the minimum value for 
Rs: | . 





(Vinx V2—Vz"_ _(9x 5) - 
sath Pzmax - aa 
45-25 , 
E50" 402 


| Hence a suitable value for Rs would: be 
~150Q: (roughly: mid- way. between the two 
extremes). 


Practical ceidiotanen) 3, 2: 
Zener diode characteristics 

In. this practical assignment you ‘will: in- 
vestigate the characteristics of a ieee 
Zener diode. ) ) 


Objectives: oye 
3.2.1 To plot the Sue adeae graph for a 
Zener diode 


3.2.2 To estimate the Zener voltage for a 


Zener diode 


Instructions: © 
1. Connect the circuit shown in Fig. 3.9 
using a AV battery. 





Fig. 3.9 Circuit for Assignment 3.2. 


2. Switch on the power to your circuit and 
measure the current flowing. Record the 
value of current in Table 3.2. 

3. Repeat steps 1 and 2 using battery volt- 
ages of 4:25V, 4-:5V, 4-75V, 5V, 5:25V, 
5:5V. Measure and record the current 
for each value of applied voltage. 

4. Use the results from Table 3.2 to plot 
a graph showing reverse current (mA) 
plotted against applied voltage (V). 


5, Use the graph to determine the Zener 


voltage at a nominal reverse current of 
50mA. 


Conclusions: 

To what extent have the objectives for 
this assignment been met? Comment on 
the shape of the graph. Is the shape similar 
to the one you would expect? If not, why 
not? 


RECTIFIERS 


Diodes are commonly used to convert 
alternating current (a.c.) to direct current 
(d.c.), in which case they are referred to as 
rectifiers. The simplest form of rectifier cir- 
cuit makes use of a single diode and, since 
it operates on only either positive or nega- 
tive half-cycles of the supply, it is known as 
a half-wave rectifier. 


Current flow. 


No current flow 


Fig..3.10 shows a simple half-wave rec- 
tifier circuit. Mains voltage (240V) is applied 
to the primary winding of a stepdown trans- 
former (T1). The secondary winding of T1 
steps down the 240V rms. to 12V rms. 
(the turns ratio of T1 will thus be 240/12 or 
20:1). Diode D1 will only allow the current 
to flow in the direction shown (i.e., from 


~ anode to cathode). Diode:D1 will be for- 


ward-biased during each positive half-cycle 
(relative to common) and will effectively 
behave like a closed switch. When the cir- 
cuit current tries to flow in the opposite 
direction, the voltage bias across the diode 
will be reversed, causing the diode to act 
like an open switch (see Fig. 3.1 1a and Fig. 
3.11b respectively). 


Table 3.2 Measured values for Assignment 3.2 






Voltage 
(V) 


| x a 


Current. 
(A) 
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secondary on T1, minus the 0:7V forward 


are in parallel, the voltage across R, will be 


The switching action of diode D1 results 
in a pulsating output voltage which is 
developed across the load resistor (R)). 
Since the mains supply is’ at 50Hz, the 
pulses of voltage developed across R_, will 
also be at 50Hz even if only half the a.c. 
cycle is present. During the positive half- 
cycle, the diode will drop the 0°7V forward 
threshold voltage. However, during the 
negative half-cycle the peak a.c. voltage will 
be dropped across D1 when it is reverse 
biased. This is an important consideration 
when selecting a diode for a particular 
application. 

- Assuming that the secondary winding of 
transformer T1. provides 12V r.m.s., the 
peak voltage output from the tranformer's 
-aiaetiomd winding will be given by: 


“Vp = 1:414 X Vins. = 1°414  12V 
= 16-968V_ 


Fig. 3.10 Simple half-wave 
rectifier circuit. 


AR, 


Fig. 3.11a Half-wave rectifier 
circuit with diode D1 
~ conducting (positive going half 
_cycles of secondary voltage). 


Fig. 3.11b Half-wave rectifier 

circuit with diode D1 not 
conducting (negative going 
half cycles of secondary 
voltage). 





“The peak voltage applied to diode D1 
will thus be approximately 17V. The nega- 
tive half-cycles are blocked by D1 and thus 
only the positive half-cycles appear across 
resistor R,. Note, however, that the actual 
peak voltage across R, will be the 17V 
positive peak being supplied from. the 


threshold voltage dropped by D1. In other 
words, positive half-cycle pulses having a 
peak amplitude of 16°3V will appear across 
resistor R,. i 

Fig. 3.12 shows a considerable improve- 
ment to the circuit of Fig. 3.10. The 
capacitor, C1, has been added to ensure 
that the output voltage remains at, or near, 
the peak voltage even when the diode is not 
conducting. When the primary voltage is first 
applied to transformer T1, the first positive 
half-cycle output from the secondary will 
charge C1 to the peak value seen across R,. 
Hence C1 charges to 16°3V at the peak of 
the positive half-cycle. Because C1 and R, 


the same as that across C1. | | 

The time required for capacitor C1 to 
charge to the maximum (peak) level is 
determined by.the charging. circuit. time 
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Fig. 3.12 Half-wave rectifier with reservoir capacitor. 


constant (the series resistance multiplied 
by the capacitance value). In this circuit, the 
series resistance comprises the secondary 
winding resistance together with the for- 
ward resistance of the diode and the (mini- 
mal) resistance of the wiring and connec- 
tions. Hence C1 charges very rapidly as 
soon as diode D1 starts to conduct. 

The time required for capacitor C1 to 
discharge is, in contrast, very much 
greater. The discharge time constant is 
determined by the capacitance value and 
the load resistance, R,. In practice, R, is 
very much larger than the resistance of the 
secondary circuit and hence C1 takes an 
appreciable time to discharge. During this 
time, diode D1 will be reverse biased and 
will thus be held in its non-conducting state. 
As a consequence, the only discharge path 
for C1 is through R,. 

Capacitor C1 is referred to as a reser- 
voir capacitor. It stores charge during the 
positive half-cycles of secondary. voltage 
and releases it during the negative half. 
cycles. Fhe circuit.in Fig. 3.12 is thus able 
to maintain a reasonably constant output 
voltage across R,. Even so, Cl will dis- 
charge by a small amount during the nega- 
tive half-cycle periods from the transformer 
secondary. Fig. 3.13 shows the secondary 
voltage waveform together with the voltage 
developed across R, with, and without C1 
present. This gives rise to a small variation 
in the d.c. output voltage (known as ripple), 
as shown in Fig. 3.13. 


T1 secondary 
voltage 


Voltage across 
R, without C1 
present 


Voltage across 
R, with C1 
present 


A further refinement of the simple power 
supply circuit is shown in Fig. 3.14. 
This circuit employs two additional com- 
ponents, resistor R1 and capacitor C2, 
which act as a filter to remove the ripple. 
The value of C2 is chosen so that the 
component exhibits a negligible reactance 
at the ripple frequency (normally 50Hz). In 
effect, this circuit acts like a potential 
divider. The amount of ripple is reduced by 
a factor equal to: 


Xc 
Example 


The R-C smoothing filter in a 5}0Hz mains 
operated half-wave rectifier circuit consists 
of R1=100Q and C2=1000uF. If 1V of 





Fig. 3.13 Waveforms for half-wave rectifier circuits. 


Since ripple is undesirable we must take 
additional precautions to reduce it. One 
‘obvious method of reducing the amplitude 
of the ripple is that of simply increasing 
the discharge time constant. This can be 
achieved either by increasing the value of 
capacitor Cl or by increasing the resis- 
tance value of R,. In practice, however, the 
latter is not really an option because R, is 
the effective resistance of the circuit being 
supplied and we don’t usually have the 
ability to change it! Increasing the value of 
Cl is a more practical alternative and very 
large capacitor values (often in excess of 
4700uF are typical). 
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ripple appears at the input of the circuit,’ 
determine the amount of ripple appearing 
at the output. — 

First we must determine the reactance of: 
the capacitor, C2, at the ripple frequency 
from: — , 





—2nfC 628x50x 1000x 10° 
1000 — 1000 : 


~ 6 28x50 314 
Thus Xc = 3:18Q 


The amount of ripple at the output of the. 
circuit (i.e., appearing across capacitor C2) 
will be given by: © 


Xe 
Viipple = 1V X , 
rippl (R12 rs X,2) 
ae 3-18 
(1007 + 3-187) 


= 0.032V = 32mV 


A further improvement can be achieved 
by using an inductor (L1) instead of a resis- 
tor (R1) in the smoothing circuit. This cir- 
cuit also offers the advantage that the mini- 
mum d.c. voltage is dropped across the in- | 
ductor (in the circuit of Fig. 3.14, the d.c.. 





output voltage is reduced by an amount 
equal to the voltage drop across R1). 

The circuit of a half-wave power supply 
using L-C smoothing is shown in Fig. 3.15. 
At the ripple frequency, L1 exhibits a high 
value of inductive reactance whilst C1 
exhibits a low value. of capacitive reac- 
tance. The combined effect is that of 
an attenuator which greatly reduces. the 
amplitude of the ripple whilst having a. 
negligible effect on the direct voltage. 


Example eueg eat oat , ; 
The L-C smoothing filter in a 50Hz mains. 


operated half-wave rectifier circuit consists 


of L1=10H and C2=1000nF. If 1V of. 
ripple appears at the input of the circuit, 
determine the amount of ripple appearing 
at the output. 





Fig. 3.15 Half-wave rectifier with L-C smoothing circuit. 
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Table 3.3 Measured values for a 


Assignment 3.3. 
Circuitunder | Measured voltage 
investigation : : 


No reservoir 
capacitor 
(step 4)~ 


100yuF 
reservoir - 
Capacitor 
(step 5) 


470uF 
reservoir 
Capacitor — 
(step 6) 


470p reservoir 

plus 100Q.and 

470u smoothing 
| filter (step 7) 


As above but 
with Zener 
diode regulator 





output voltage was increased when ‘the 


reservoir capacitor was fitted? Which circuit 


was most effective at removing the ripple? 


Why? .Was the output voltage what you” 


would have predicted? If not, why not? 


FULL-WAVE _ 
RECTIFIERS 


_ The half-wave rectifier circuit is relatively 
inefficient as conduction takes place only 
on alternate half-cycles. A better rectifier 
arrangement would make use of both posi- 


tive and negative half-cycles. These full- : 
wave rectifier circuits offer a considerable. 


improvement over their half-wave ‘counter- 


parts. They are not only more efficient but 


are significantly less demanding in terms of 
the reservoir and smoothing components. 


_ There are two basic forms of full-wave rec- 


tifier; the bi- pice type and the bridge rec: 
tifier type. 


BI-PHASE RECTIFIERS 


A simple bi-phase rectifier circuit is 


shown in. Fig. 3.22. Mains voltage (240V) is 


applied to the primary winding of a. 


StERC OWN, transformer (T1) which has two 





Fig. 3.22 Bi-phase rectifier. 


930 


identical secondary windings, each provid- - 


ing 12V r.m.s. (the turns ratio of T1 will thus 
be 240/12 or 20:1 for each secondary 
winding). 


On positive half-cycles, point A will be 


positive with respect to point B. Similarly, 


point B will be positive with respect to. 


point C. In this condition diode D1 will 


allow conduction (its anode will be positive: 


with respect to its cathode) whilst diode D2 


~ will not allow conduction (its anode will be 


negative with respect to its cathode). Thus 
diode D1 alone conducts on positive half: 
cycles. 

On negative half-cycles, point C will be 
positive with respect to point B. Similarly, 


point B will be positive with respect to. 


point A. In this condition diode D2 will 


allow conduction (its anode will be positive ; 
with respect to its cathode) whilst diode D1 


will not allow conduction (its anode will be 


negative with respect to its cathode). Thus _ 


Fig. 3, 23a Bi- ae rectifier with diode D1_ 7 . 
conducting and Pe non-conducting. | 


Fig. 3.23b Bi-phase rectifier with diode D2. 
conducting and D1 non- -conducting. 





| diode D2 alone conducts on negative half. x 


cycles. _ ia 

The bi- phase rectifier circuit in Fig... 23 
shows. the diodes of Fig. 3.22 replaced by . 
switches. In Fig. 3.23a diode D1 is shown. 
conducting ona positive half- -cycle whilst in. 
Fig. 3.23b diode D2 is shown conducting. 
The result is that current is routed through 
the load'in the same direction on succes- 
sive half-cycles. Furthermore, this current is 
derived alternately from the two secondary 
windings. 

As with the half. -wave 2 rectifier, the switch: 
ing action of the two diodes results in a. 
pulsating output voltage being developed 
across, the load resistor (R,).. However, un- 
like the half-wave circuit the pulses of volt- 
age developed. across, R, will occur at a 
frequency of ,100Hz (not 50Hz). This dou- 
bling, of the ripple frequency allows us to. 
use smaller values of reservoir and smooth- 
ing capacitors to obtain the same degree of 





Fig. 3.24 Bi-phase rectifier with reservoir capacitor. 
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Fig. 3.18 Circuit of Fig. 3.16 modified 
for negative output. 


Once again, the reactance of the 
capacitor, C2, is 3°18 (see previous 
example). 

The reactance of inductor L1 at '50Hz 
can be calculated from: 


X,=2nfL= 2x 3:14x 50x 10 
= 31400 


The amount of ripple at the output of 
the circuit (i.e., appearing across C2) will be 


given by: 
ern OTD 
ae is Es 18 ; 
V(3140° + 3-18°) | 
= 0:001V = ImV 


It is worth comparing this value with that 
obtained from the previous example! — 


Practical assignment 3.3: 
Half-wave rectifiers 

In this assignment you will rrvesthisate the 
behaviour of half-wave rectifier circuits. You 
will also investigate the operation of simple 
smoothing and Zener diode regulator circuits. 


Objectives: 

3.3.1 To investigate the action of a half-wave 
rectifier. 

3.3.2 To use an oscilloscope to obtain 
waveforms for a half-wave rectifier. 





3.3.3 To determine the effectiver of an 
R-C smoothing circuit. 

3.3.4 To investigate the action of a ean 
Zener diode regulator. 

Instructions: 


1. Connect the circuit shown in Fig. 3.16. 


The 4002 resistor is used to simulate the 
load that would normally be connected 
to the power supply. 
2. Display the input and output waveforms 
on the screen of the oscilloscope (see 
Fig. 3.17 for recommended initial set- 





Fig. 3.19 Half-wave rectifier with reser- 
voir capacitor (Assignment 3.3). 


tings for the oscilloscope front-panel). 
Note the shape of the output waveform 
{you might like to make a sketch of it) 

~ and measure its peak-peak voltage using 
the vertical scale. 


3. Reverse ‘the diode connections (see Fig. 


:3,.18). Repeat step 1 and note the dif. 
ference in the output waveform (once 
again, you might like to make a sketch of 
it). Measure the peak-peak voltage and 
check this is the same as before. 


4. Reconnect the circuit as shown in Fig. 


3.16. Connect the voltmeter across the 
400Q resistor in order to measure the 
output voltage. Record the measured 


|. TIME BASE TRIGGER 
0.01 s/div 2 eoce EIB) cat 


x Pos [0.08 | 

cat 
CHANNEL A 
28 VZOiv_ 








GROUND @ 





























LEVEL 
AUTO ajelext] 
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Fig. 3.17 Initial oscilloscope settings for Assignment 3.3 


value of the d.c. output voltage and the 

. peak-peak ripple voltage (measured with: 
“the oscilloscope) in Table 3. 3. ! 

. Now add a 100yuF smoothing capacitor 

~ (Fig. 3.19). Once again display the input 
and output waveforms. Note the shape of. 
the output waveform. As before, record 

~ the measured value of d.c. output volt- 
age and the peak-peak ripple voltage 
measured with the oscilloscope. 

. Replace the 100yF capacitor with a 
470uF capacitor and repeat step 5. 7 

7. Next, add an R-C filter to the circuit by 

connecting a 1002 resistor in series with 
the d.c. output from the rectifier and a 
second 470uF capacitor in parallel with 
the output (as in Fig. 3.20). Once again, 
‘note the shape of the output waveform 
and record the measured value of d.c. 
output voltage and the peak- ‘peak Nppe 
* voltage. — 

8. Finally, add a 5-1V Zener diode in order 
‘to regulate the output voltage (see Fig. 
- 3.21). Record the measured value of out- 
~ put voltage and peak-peak ripple voltage. 


Conclusions: 

‘To what extent have the objectives for 
this assignment been met? Can you ex: 
plain, in your own words, how each part of 
the circuit works? (Hint: divide the circuit 
into three parts; the diode rectifier, the 
smoothing circuit, and the Zener diode 
regulator). Can you explain why the d.c. 





Fig. 3.21 Half-wave rectifier with smoothing filter and Zener diode regulator ( Asign- 
ment 3.3 ). 
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ripple reduction (recall that the reactance - 


of a capacitor is reduced as frequency in- 
creases). 

As before, the peak voltage produced by 
each of the secondary windings will be 
approximately 17V and the peak voltage 
across R, will be 16°3V (i.e., 17V less the 
forward threshold voltage of about 0°6V to 
0-7V dropped by the diodes). 

Fig. 3.24 shows how a reservoir 
capacitor (C1) can be added to ensure that 
the output voltage remains at, or near, the 
peak voltage even when the diodes are not 
conducting. This component operates in 
exactly the same way as for the half-wave 
circuit, i.e., it charges to approximately 
16.3V at the peak of the positive half-cycle 
and holds the voltage at this level when the 
diodes are in their non-conducting states. 

The time required for capacitor C1 to 
charge to the maximum (peak) level is 
determined by the charging circuit time 
constant (the series resistance multiplied 
by the capacitance value). In this circuit, the 


series resistance comprises the secondary — 


winding resistance together with the for- 
ward resistance of the diode and the (mini- 
mal) resistance of the wiring and connec- 
tions. Hence capacitor Cl charges very 
rapidly as soon as either diode D1 or diode 
D2 starts to conduct. 

The time required for capacitor C1 to 
discharge is, in contrast, very much 
greater. The discharge time constant is 
determined by the capacitance value and 
the load resistance, R,. In practice, R, is 
very much larger than the resistance of the 
secondary circuit and hence capacitor C1 
_ takes an appreciable time to discharge. 
During this time, diode D1 and diode D2 
will be reverse biased and held in a 
non-conducting state. As a consequence, 
the only discharge path for capacitor C1 is 
through R,. Voltage waveforms for the 
bi-phase rectifier, with and without Cl 
present, are shown in Flg. 3.25. 


BRIDGE RECTIFIERS 


An alternative to the use of the bi-phase 
circuit is that of using a four-diode bridge 
rectifier (see Fig. 3.26) in which opposite 
pairs of diode conduct on alternate half- 
cycles. This arrangement avoids the need 
to have two separate secondary windings. 

Mains voltage (240V) is applied to the 
primary winding of a stepdown transformer 
(T1). The secondary winding provides 12V 
r.m.s. (approximately 17V peak) and has a 
turns ratio of 20:1, as before. On positive 
half-cycles, point A will be positive with 
respect to point B. In this condition diodes 
D1 and D2 will allow conduction whilst 
diodes D3 and D4 will not allow conduc- 


T1 secondary 
voltage 


Voltage across 
R, without C1 
present 


Voitage across 
R, with C1 
present 


Fig. 3.25 Waveforms for the bi-phase rectifier. 











Fig. 3.26 Bridge rectifier. 


Fig. 3.274 Bridge rectifier with diode D1 
and diode D2 conducting, D3 and D4 
non-conducting. 


Fig. 3.27b Bridge rectifier with diode D1 


and diode D2 non-conducting, D3 and D4 


conducting. 


tion. Conversely, on negative half-cycles, 
point B will be positive with respect to point 
A. In this condition diodes D3 and D4 will 
allow conduction whilst diodes D1 and D2 
will not allow conduction. 

The bridge rectifier circuit in Fig. 3.27 
shows the diodes of Fig. 3.26 replaced 
by switches. In Fig. 3.27a diodes D1 and 
D2 are conducting on a positive half-cycle 
whilst in Fig. 3.27b diodes D3 and D4 are 
conducting. Once again, the result is that 
current is routed through the load in the 
same direction on successive half-cycles. 

As with the bi-phase rectifier, the switch- 
ing action of the two diodes results in a 
pulsating output voltage being developed 
across the load resistor (R,). Once again, 
the peak output voltage is approximately 
16:3V (ie, 17V less the 0-7V forward 
threshold voltage). 


-17V 
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Fig. 3.28 shows how a reservoir 
capacitor (C1) can be added to ensure that 
the output voltage remains at, or near, the 
peak voltage even when the diodes are not 
conducting. This component operates in 
exactly the same way as for the bi-phase 
circuit, i.e., it charges to approximately 
16-3V at the peak of the positive half-cycle 
and holds the voltage at this level when the 
diodes are in their non-conducting states. 
This component operates in exactly the 
same was as for the bi-phase circuit and 
the voltage waveforms are identical to 
those shown in Fig. 3.25. 

Finally, R-C and L-C smoothing circuits 
can be added to both the bi-phase and 
bridge rectifier circuits in exactly the same 
manner as those shown for the half-wave 
rectifier arrangement (see Fig. 3.14 and 
Fig. 3.15). 





Fig. 3.28 Bridge rectifier with reservoir capacitor. 
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Fig, 3.29 Bi-phase rectifier circuit for 
Assignment 3.4. 





Practical assignment 3.4: 
Full-wave rectifiers | 

In this assignment you will investigate the 
behaviour of bi-phase and bridge rectifier 
circuits. | | 


Objectives: 
3.3.1 To investigate the action of full-wave 
rectifiers (both bi-phase and bridge 


types). 
3.3.2 To use an oscilloscope to obtain 
waveforms for full-wave _ rectifiers 
(both bi-phase and bridge types). 
3.3.3 To compare the effectiveness of R-C 
and L-C smoothing filters. 


instructions: 
1. Connect the bi-phase rectifier circuit 


shown in Fig. 3.29. The 100Q__ resistor | 


is used to simulate the load that would 
normally be connected to the power 
supply. Note that this is a lower value of 
resistance (and thus a more severe load) 
than we used for the half-wave rectifier 
circuit. Note also that the transformer 
secondary windings are represented by 
two 12V 50Hz a.c. voltage sources. 

2. Display the output waveform on the 
screen of the oscilloscope (see Fig. 3.30 

_ for recommended initial settings for 

_ the oscilloscope front-panel). Note the 
shape of the output waveform (you 





Fig. 3.33 Bridge rectifier with R-C smoothing filter. 
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Fig. 3.31 Bridge rectifier circuit for Assignment 3.4. 


might like to make a sketch of it) and 
measure its peak-peak voltage using the 
vertical scale. Record this measured 
value in Table 3.4. 


. Connect the bridge rectifier. circuit 


shown in Fig. 3.31. Once again, the 
100Q resistor is used to simulate the 
load that would normally be connected 
to the power supply. This time you will 
only need a single 12V 50Hz a.c. voltage 
source. 


. Repeat step 2 (this time for the bridge 


rectifier). | 


. Add a 100uF smoothing capacitor to 


the output of the bridge rectifier (as 
in Fig. 3.32). Once again display the 
output waveform and note its shape. 
Record the peak-peak ripple voltage in 
Table 3.4. 


. Replace the 100uF capacitor with a — 


470pF capacitor and repeat step 5. 


. Next, add an R-C filter to the circuit by 


connecting a 400 resistor in series 


with the d.c. output from the bridge 


rectifier and a second 470uF capacitor 
in parallel with the output (Fig. 3.33). 
Once again, note the shape of the out- 
put waveform and record the peak-peak 
ripple voltage in Table 3.4. 


. Finally, modify the filter circuit by replac- 


ing the 400Q resistor with a 10H induc- 
tor (as in Fig. 3.34). Once again, note 


188 


TIME BASE 


@.81 s/diy = 


Fig. 3.32 Bridge rectifier with reservoir capacitor (Assignment 3 4). 





GROUND 
TRIGGER 






















the shape of the output waveform and 
record the peak-peak ripple voltage in 
Table 3.4. 


Conclusions: 

To what extent have the objectives for 
this assignment been met? Can you ex- 
plain, in your own words, how each part of 
the circuit works? Did the two rectifier cir- 
cuits produce identical output waveforms? 
If not, why not? Which smoothing circuit 
(R-C or L-C) was most effective at reducing 
the ripple? Why? Can you suggest another 
advantage of the L-C filter when compared 
with the R-C filter? 


BRAIN TEASER 


This month's challenge for those of 
you who are using the full Electronics 
Workbench package is to design a full- 
wave power supply that provides equal but 
opposite output voltages with a common 
earth (OV) connection. The circuit is to 
incorporate smoothing and each output 
voltage is to be stabilised using a paral- 
lel-connected 5V Zener diode. Use Elec- 
tronics Workbench to test your circuit and 
check that it works correctly! 


Answer to last month’s Brain Teaser 


Each branch of the circuit will produce a 
phase shift. Since the component values 


188 


Fig. 3.34 Bridge rectifier with L-C smoothing filter. 
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~- Table 3.4 Measured values for 
_ Assignment 3.4. 





Circuit under 

















Measured 
investigation ripple 
ee tack voltage 


Bi-phase circuit 
without reservoir 
capacitor (step 2) 


Bridge circuit 
without reservoir 
capacitor (step 4) 

















100uF reservoir 
capacitor (step 6) 






470uF reservoir 
capacitor (step 6) 


470uF reservoir 
plus 4002 and 
470uF smoothing 
filter (step 7) 


470uF reservoir 
plus 10H and 
470uF smoothing 
filter (step 8) 





~(1kQ and 1pF) are identical’ but inter- 
changed, an equal but opposite phase shift 


will be produced in the two branches. Thus, 
a 90° phase shift between A and B will be 
produced when each branch gives a phase 
shift of 45°. 

The phase shift produced by a C-R circuit 
is given by: 


Xo _ W2nfQ 1 


tnd= RR | 2nfCR 
Hence: 
p= 
27 CRtan 8 
Now when 0 = 45°, tan 45° = 1 thus: 
1 
OR CR 
eee eee S0ne aera 
~628x 1x10 °x 1x 10? 
1000 : 
= S58 = 159Hz 


An easier way to solve the problem is to 
remember that a 45° phase shift will be 
produced at the frequency that makes Xc 
= R (i.e., when the reactance is equal to 
the resistance). We can then say that: 


= Rorf = 


1 1 
Re REE SC InCR 


as before. 





IMPORTANT NOTE: — 
If. you. have any problems _ installing 


Electronics Workbench please note the 
following points: cat 


1. If you receive a “Mouse not installed” 
error message please ensure that you 
are using a Microsoft compatible mouse 
driver. | 


2. If you receive an ‘Incorrect registra- 
tion” or “Access denied” error message 
please increase the FILES command in 
your CONFIG.SYS file by 20 (i.e., if the 
current setting of FILES is 20 you 
should increase FILES to 40). : 


3. If you receive a “Graphics card not’ 
_.. recognized” error message and you are. 
~ using an EGA monitor, you should edit 
the file EWB.OPT (using an ASCII text 
editor).and change the line “DISPLAY; 
VGA” to read “DISPLAY; EGA”. 


CORRECTION 


In Electronics from the Ground Up Part. 
2 last month (EPE November 1994), at the 
bottom left of page 864, the capacitive 
reactance formula for Xc should read: 


1 1 
2nfC 628x2™x 10° x 10x 107° 





Xc= 
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The highly acclaimed Teach-In '92 series, which included the con- 
struction and use of the Mini Lab and Micro Lab test and develop- 
ment units, has been put together in book form. Additionally EPT 
Educational Software have developed a GCSE Electronics software 
program to compliment the course and a FREE DISK covering the 
first two parts of the course is included with the book. 

An interesting and thorough tutorial series aimed. specifi- 
cally at the novice or complete beginner in electronics. The 
series is designed to support those undertaking either GCSE 
Electronics or GCE Advanced, Levels, and starts with fun- 

_ damental principles. 












Everyday with Practical Electronics, December 1994 


Available at the end of October. Price £3.95 — place an order with your newsagent NOW! 


lege, this book is for you. If you just want to learn the basics of 
electronics then this book is for you. If you are teaching elec- 
tronics or technology you must make sure you see it. Teach-In 
No. 7 will be invaluable if you are considering a career in elec- 
tronics or even if you are already training in one. The Mini 
Lab and software enable the construction and testing of both 
demonstration and development circuits. These learning aids 
bring electronics to life in an enjoyable and interesting way: 
you will both see and hear the electron in action! The Micro Lab 
microprocessor add-on system will appeal to higher level stu- _ 
dents and those developing microprocessor projects. 
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OST hobbies are to some degree 

seasonal, and electronic project 
construction is no exception. No doubt 
there are many who follow the hobby 
all-year round, but for most it is a pas- 
time that is pursued more avidly in the 
winter months. 

By the time this piece gets into 
print we should be well under way 
with a new season of project build- 
ing, and many potential ‘new recruits” 
will presumably be contemplating the 
construction of their first project. This 
inevitably gives rise to the question, 
“what is the minimum | need in order 
to get started?”’ 


TOOLS FOR THE JOB 

Even if you are in the fortunate posi- 
tion of having plenty of spare cash, it is 
probably not worthwhile-going out and 
buying every tool and gadget you see. 
You will almost certainly end up wast- 
ing a lot of money on implements that 
you will rarely (if ever) use. It is much 
better to start with a fairly basic toolkit, 
and then add to it as and when the 
need arises. Start by building a couple 
of simple and straightforward projects 
from recent issues of EPE. It should be 
possible to construct these using just a 
few basic tools. 

A lot of the tools you will require are 
the type of thing that is to be found in 
the average household toolbox any- 
way. These include such things as 
pliers, a hacksaw or junior hacksaw, 
screwdrivers, a centre punch, hammer, 
files, a hand or power drill, and a set of 
twist drill bits. 

Some of these may not be ideally 
suited to electronic project building, 
which is mainly a small scale affair. For 
example, large screwdrivers are of no 
use when you need to tighten the tiny 
grubscrew in a control knob. If you do 
not already have a couple of mini- 
ature electricians screwdrivers you will 
certainly need to add them to your 
‘toolkit. The cost should be less than a 
pound for the two. It is also worth 
having a small cross-point (Phillips) 
‘screwdriver. Again, the cost of one 
these should be minimal. 

Whilst in most cases | advocate pur- 
chasing the highest quality tools you 
can afford, this is not really essential in 
the case of twist drills. It is mostly soft 
plastics and aluminium that you will be 
working with, and even cheap drill bits 
should have a reasonably long life 
when used on these materials. If you 
have a set of HSS (High Speed Steel) 
drill bits with a good range of sizes 
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Techniques 


ACTUALLY DOING IT 


by Robert Penfold 


from about 2mm to 10mm in diameter 
these should cover virtually all your 
needs. 

If you have to buy the drill bits it 
would probably be better to obtain 
individual drills in the sizes you will 
need, rather than buying a large set 
which is likely to contain numerous 
drills you will never use. | find that the 
vast majority of project drilling can be 
handled by these four sizes: . 


3:3mm — for holes that will take 
metric M3 or 6BA screws (e.g. 
mounting circuit boards). 


5mm — mounting holes for sub-min- 
iature toggle switches 


6:35mm (0:25 inches) — mounting 
holes. for many push _ button 
switches, miniature toggle switches, 


miniature potentiometers, various 
sockets, etc. 
10mm -— the standard mounting 


hole size for potentiometers, rotary 
_ switches, and many other controls. 


In due course you will probably find 
the need for several other sizes, but 
provided you steer clear of unusual 
switches, sockets, etc., these drills 
should suffice initially. 

Power drills are all right for project 
work, but | find them a bit awkward to 
use. When drilling soft materials such 
as plastics and aluminium there is a 
tendency for power drills to rip straight 
through almost instantly in a rather 
uncontrolled fashion. Particularly when 
drilling larger holes, there is a definite 
advantage in using a drill that can be 
set to a slow speed. These days | 
rarely use power drills when _ build- 
ing projects. My preference is for a 
heavy duty hand drill for the small and 
medium sized holes, and a brace for the 
larger ones. 


CLEAN CUT 

For holes larger than 10mm _ in 
diameter a chassis punch is my 
preferred tool. A chassis punch is 
basically just a large nut and bolt, but 
the nut is also a circular cutting blade. 
First a hole of suitable diameter for the 
bolt is drilled. Then the bolt is fitted 
into the hole, and the nut is fitted onto 
the bolt and tightened. With the aid of 
an Allen key the nut is tightened so 
much that it is forced through the 
panel, punching a hole on its way. 
Although this sounds like a very crude 





way of tackling the problem, it actually 
produces very high quality results very 
quickly. Even a well worn chassis 
punch seems to provide ‘‘cleaner’’ 
holes than any drill. Although only 
intended for use with metals such as 
steel and aluminium, chassis. punches 
seem to work quite well with any. 
non-brittle plastic. 

Chassis punches having diameters of 
12:5mm and 16mm are very useful for. 
electronics work. These are suitable 
for punching the mounting holes: 
for larger switches (especially toggle 
types) and DIN sockets respectively. 
Unfortunately, chassis punches are 
relatively expensive, so it is probably 
not worthwhile buying one unless you: 
really need it, and are likely to go on: 
using it. When only used on aluminium 
and plastics a chassis punch has an 
extremely long life, and is not expen- 
sive in the long term. ! 

Probably the most useful type of fil 


to have is a large half round type. A 


small flat type is also more than a 
little useful. In due course | would 
recommend buying a set of mini- 
ature files (needle files) as these are 
useful for correcting small. errors, 
making irregular shaped cutouts, etc. 
An “‘Abrafile’” is a good low cost 
alternative. 

The type of pliers | find most useful 
are, not surprisingly, electricians’ pliers. 
Virtually any type of pliers will do in- 
itially, provided you use them carefully, 
but it is a good idea to invest in a good 
pair of electricians’ pliers before. too 
long. | 


HOT STUFF 

While a lot of the tools needed 
for electronic project construction are 
general purpose tools which you may 
have already, there are a few which do 
not form part of the average toolkit. The 
most obvious of these is the solder- 
ing iron. Most electronic component 
catalogues list a few soldering irons 
having ratings from about 12W to 50W. 

For project construction an_ iron 
having a rating of about 17W to 25W is 
the most suitable. There is no need to 
bother with expensive temperature 
controlled irons. Something like an 
Antex model CS will provide very good 
results, will only set you back about 
£10, and (with occasional bit replace- 
ment) should last many years. 

A soldering iron stand is an essen-. 
tial extra. It provides somewhere safe 
to keep the hot iron between sol- 
dering operations, and it also helps 
to remove excess heat from the iron 
during periods of inactivity. A matching 
stand for your particular soldering iron 
should cost no more than. about £4. 

You will also need some solder. Only 
use a 60 per cent tin/40 per cent lead 
solder containing a non-corrosive flux. 
This is listed in most catalogues in two 
thicknesses, which are 18 and 22 s.w.g. 
For modern project construction the 22 
S.w.g. solder is the easier to use, and it 
is a good idea to buy a decent sized 
pack of this, or even a large reel. Buying 
solder in very small quantities is likely to 
be rather expensive in the long term, and 
you will inevitably find that you keep 
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running out when projects are 99 per 
cent complete! It is useful to have some 
18 s.w.g. solder for larger joints, such as 
when wiring-up controls and sockets, 
but you can get by without it. 

It is possible to buy soldering kits 
which consist of an iron, a matching 


stand, some solder, and a booklet on 


soldering techniques. At about £14 
these offer good value for money, and 
are ideal for beginners. 


A SNIP 

Wire cutters and insulation strippers 
are tools that should be regarded as 
essential items. It is possible to im- 
provise using scissors or a modelling 
knife, but the end result is usually a 
minor disaster. Scissors will soon be 
ruined if you cut wire with them. Also, 
they are simply too large and clumsy 
for a lot of wire cutting work. 

Using a knife is likely to almost 
instantly ruin the blade, and there is a 
strong risk of cutting yourself. With 
both methods it is likely that the wire 
core or cores will be nicked and 
seriously weakened. Even with only a 
small amount of flexing the wire will 
almost certainly break. 

A pair of combination wire strippers 
and cutters should only cost a pound or 
three, and can be adjusted so that they 
will not cut so deeply that the wire 
becomes damaged. | find that these 
combination tools are very good as 
wire strippers, and | actually prefer 
them to expensive wire stripping tools. 
As wire cutters they are perhaps less 
than ideal, but they are more than good 
enough to get you started. 

In due course | would recommend 
purchasing a pair of “side cutters’. Al- 
though miniature cutters might seem 
to be the most apposite for modern 
electronic work, | find a relatively sub- 
stantial pair of six inch cutters much 
easier to use. 


THE REST 

In due course you will certainly need 
to add to your toolkit, but initially only 
a few other odds and ends are required. 
If your nails are cut (or bitten!) quite 
short you will probably find it very dif- 
ficult to pick up small pieces of wire, 


Little and large “Hobby” vices. They are fixed in place via a suction cup. 


and the smaller components such as 
resistors. This may also be difficult if 
your fingers are not quite as nimble 
as they once were. A pair of tweezers 
should make life a lot easier when deal- 
ing with the more fiddly items. 

Some sort of vice is more than a little 
useful. Even something as basic as a 
“hobby vice” will do to start with. In 
fact | find these unlikely gadgets to be 
extremely useful. A vice of this type is 
basically just a scaled-down version of 
a normal bench vice, but it is made of 
plastic with metal inserts on the jaws. 

It is fixed to the worktop via a large 
suction clamp which provides a more 
secure fixing than you might expect. A 
vice of this type is very useful if you 
have to borrow the kitchen table for 
use as a temporary work-space when 
constructing projects. 

A printed circuit work frame (also 


_ known as a mounting frame or a solder 


frame) is a worthwhile addition to the 
electronics workshop if you get in- 
volved in building fairly large printed 
circuit boards. The basic idea is to fit all 
the components in place on the board, 
and then clamp it into the frame. The 
frame is then clipped in the closed 
position, which presses the component 
side of the board into a thick piece of 


heat-resistant foam material. This holds 
all the components in place while the 
leads are trimmed and the soldered 
joints are completed. Particularly with 
larger boards, this method is very much 
quicker and easier than dealing with 
the components one or two ata time. 

As a good quality printed circuit 
frame costs about £40 or more it is 
probably not worth buying one initially, 
but for regular project builders it repre- 
sents a sound investment. 

Last but by no means least, no crea- 
tive hobby can be pursued without 
some plasticine or Bostik Blu-Tack. 
This is useful for all manner of things, 
such as holding components in posi- 
tion while they are soldered in place, | 
and generally sticking down anything 
that has a tendency to “walk” away. 

Although electronics is sometimes 
accused of being an expensive hobby, 
it is difficult to justify this claim. Even if 
you have to start virtually from scratch 
when assembling a toolkit, | would 
guess that it would be possible to 
obtain the basic requirements plus. the 
components for a small project, and 
still have change from £50. | doubt if 
it is possible to get started in many 
hobbies these days for this sort of 
money. 
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200 Signal diodes 1N4148 
Rectifier Diodes 1N4001 
Rectifier Diodes 1N4007 
Rectifier Diodes 1N5401 
Asstd. Zeners 
NE555 Timer ICs 
BC478 Transistors 
BC547 Transistors 
BC558 Transistors 
MPSAQ2 Transistors 
5MM red 1.€.0.8.........cccececeee ee eeee neers £1 00 
Asstd. high brightness l.e.d.s.......... £1.00 
Miniature red I.e.d.s 3mm dia 
Axial l.e.d.s (Diode package) wide 
angle 1.€.0.8...........c cc eeeeeserreeeeeeeees £1.00 
Asstd. seven segment displays 
Asstd. IF transformers 
Asstd. coil formers 
Asstd. RF chokes (inductors) 
Asstd. connectors edge-dil-sil etc... 
4P 3W MBB min. rotary switches 
1 inch Glass reed switches 0 
Magnetic ear pips plus lead & plug..£1.00 
Min SP/CO slide switches £1.00 
Asstd. d.i.!. sockets up to 40 pin 
24-way turned pin IC sockets 
24 pin d.i.I. wire wrap IC sockets 
ORP12 light dependant resistors 





200 Asstd. disc ceramic capacitors : | 
Asstd. capacitors 1nf to 1uf 
Asstd electrolytic capacitors 
1UF 16V Radial electrolytics 
4.7UF 16V Radial electrolytics 
4.7UF 63V Radial electrolytics 
10UF 16V Radial electrolytics 
10UF 50V Radial electrolytics 
22UF 25V Radial electrolytics 
33UF 16V Radial electrolytics 
100UF 10V Radial eletrolytics 
220UF 16V Radial electrolytics 
470UF 10V Radial electrolytics 
JOQO0UF 10V Axial electrolytics 
1000UF 25V Axial electroltics........... £1.00 
1 Farad 5.5V memory back up 
capacitor 
4N7 Mini Axial capacitors 
5mm plastic l.e.d. holders (for 
tapered 1.€.d.S)....... ee eeeeeeeees £2.00 
10 watt Stereo amplifier, 4 controls 
plus data 


Prices include VAT, postage £1.25. Stamp for Lists 
288 Abbeydale Road, Sheffield $7 1FL 
Phone (0742) 552886 Fax (0742) 500689 
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Unit 15, Craven Way Industrial Est., Newmarket, Suffolk. CB8 OAP 
Telephone: (0638) 662989 Facsimile: (0638) 660799 


TOROIDAL MANUFACTURERS 
Primary 220/240v Two Secondaries 


Dimensions 
70 x 35mm 


80 x 45mm 
90 x 35mm 
90 x 45mm 
110 x 45mm 
110 x 50mm 
110 x 60mm 
140 x 60mm 
140 x 70mm 
125 x 90mm 
: 160 x 70mm 
Prices include VAT & Carriage 


For further information and quantity discounts, contact Michael Dornan 
Phone: 0638 662989 


Fax: 0638 660799 
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Dodo Apple 

Is the Apple Mac now cast in the role 
played by Betamax in its last few years? 
Great picture, great sound, great features, 
but with a future as secure as a Dodo. 

Do those who now buy into the Mac 
world risk becoming the victim of friends 
who joke about their being ‘‘the man who 
bought Mac when everyone else was 
buying PCs?” | 

Journalists like me, who kept banging 
on about Beta’s superior benefits, finally 
had to face reality. When does the Mac 
press own up? 

Even by now the Mac zealots amongst 
you will be be fuming at the very sugges- 
tion of a parallel with Betamax. So will 
Apple's staff. But there is clear writing on 
the wall and there is no sign of Apple’s top 
management addressing the problem. 

Of course, lower and middle manage- 
ment make all the right reassuring noises. 
But without a sign from Apple’s power- 
masters it means nothing. Frankly, just as 
when the Beta manufacturers like Toshiba 
and Sanyo started to make VHS recorders 
as well, it is hard to see what can now be 
done to halt the death spiral. 


Consider the Facts 

A few weeks ago, and for the first time 
since the Mac was launched, | was loaned 
a Mac (portable) to try for myself. Never in 
ten years had anyone from Apple ever said, 
“I've seen all the rude things you keep 
writing about the compatibility mess in PC 


—— Date with the Future 


I have been working on a feature for these 
pages which deals with the whole issue of 
data storage cards like smart cards. How 
they work, how much information they 
can store, what they can do with it and 
the security implications. One point that 
emerged early and clearly is that some 
people are very worried about any plan to 
bring in Identity Cards, especially using 
cards which can store very large volumes of 
information. 

Witness the recent fuss about the govern- 
ment’s scheme for a photo driving licence. 
This reminds one of the fuss which preceded 
launch of the licences currently in use. 

After complaints about loss of privacy, 
age and sex were not listed. But when I hired 
a car in the US last year, the counter clerk 
wished me happy birthday. Date of birth 
and sex, the clerk pointed out, are buried in 
the innocent-looking six-figure Driver Num- 
ber which is printed over the driver’s name. 

Since then I have found friends and work 
colleagues split between those who say “Oh 
everyone knows that” and those who say “I 


by Barry Fox 


World, so why don’t you try a Mac for a 
few days and see for yourself how much 
easier it is to plug in and use?”’. 

Gradually it now seeps out that Apple 
has had an economy policy of restricting 
the number of Macs available for review. 
So they have been shuttled round bona 
fide reviewers, rather than journalists with 
a much more general approach. | was only 
loaned the portable, because | was in- 
volved with a highly respected, wide cir- 
culation, magazine’s comparative review 
of portables. 

Given the chance to use a Mac, | was 
struck immediately by the fact that using it 
was an easy pleasure. Five years ago it 
would have made a glorious change from 
struggling with early versions of Windows. 
But in those five years, the PC Windows 
world has aped the Mac world so effec- 
tively that the look and feel of the two 
worlds is now almost identical. 

Multiply this situation across the board, 
and through the ranks of non-specialist 
journalists writing for just the kind of real 
world people the Mac is aimed at, and you 
have a massive missed opportunity. 

Even semi-specialists like me who have 
invested tens of thousands of pounds into 
buying PC hardware are hardly going to 
pay the even higher price of Mac hardware 
and software just to give it a try. 

If Microsoft gets its new Windows-style 
operating system, called Chicago, right 
and brings plug-and-play convenience to 
the PC world, what has the Mac world got 
left to offer the customer? 





never knew that’. Even those who do know, 
do not know how to read the numbers. 

Although it is easy to decode the date 
when you know the tricks, you first have to 
know the tricks. The date code varies with 
the month and is further disguised by the 
code used for sex. I checked a collection of 
friends’ licences and birthdates to be sure I 
had fully cracked the code. 

The first and last digits tell the year of 
birth. The third digit gives single figure 
months (January — September). But double 
figure months (October — December) use 
the second and third digits. The second 
digit has 5 added where the driver is 
female. The fourth and fifth digits give the 
day of the month. 

So number 359149 tells that the holder 
is female and was born on 14 September 
1939. Number 306107 tells that the driver 
is male and born on 10 June 1937. 

Did you know that this information is 
available to any police officer who asks to 
see your driving licence? Does it bother 
you? 
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Certainly not chip speed, because both 
PCs and Macs are already running so fast 
that most of the time they just sit idle while 
their owners perform routine tasks. 

The people who love their Macs are the 
people who have always used Macs. But 
the bridges that are now being built be- 
tween Mac and Windows software will 
let corporate purchasing departments look 
only at price when the time for the next 
hardware update comes round. This will 
suck Apple ever deeper into a price war it 
can never win. 7 

How can Apple compete on _ price 
against the mass manufacturing might of 
Korea, Taiwan and Mainland China? How 
can Apple compete on the size, weight 
and compactness of portables from mini- 
aturization masters like Toshiba, Sharp, 
Sony and the clone manufacturers making 
for Gateway and Dell? 

Apple can sub-contract, as it already 
does to Sony and Sharp, but this shaves 
the profit margins even tighter. Newton 
was a flop, with early models now being 
offered for sale at £100. The parallel with 
BetaMovie, the world’s first genuinely 
portable camcorder, is inescapable. 


Licence to Kill 

This whole scenario is the direct cause of 
Apple’s consistent refusal to license Mac 
technology to other companies. Initially 
this kept profits high. But it restricted 
sales volume and gave the PC World and 
Microsoft all those years it took them 
to get Windows working, and Chicago 
planned. 

Remember how in the early days Sony 
was reluctant to license Betamax tech- 
nology, while JVC threw VHS licences 
around like confetti? The parallels stack 
up. 

From the outside looking in, there is 
only one way for Apple to stop the Mac 
becoming another Betamax. That is to 
move fast and license the technology to 
clone makers who could then offer a 
cheap alternative to the Pentium PC and 
Chicago. Apple would then become a 
licensing company. 

There is no shame in this. Dolby 
Laboratories have very wisely never made 
a single piece of consumer equipment in 
their life, but grown rich on the licence 
fees paid by those who do. Microsoft has 
never made any consumer equipment 
either (except for a few sub-contracted 
mice etc). They grow fat on royalties from 
software. 

With the launch of Chicago imminent, 
I'd say that Apple has just about six 
months left in which to shape its final 
future. And my bet is that Apple will do 
nothing, and sink into irreversible decline. 
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“Flectronics Workbench 


— ..___ isthe best simulator to 
 ,.. design and verily circuits.” 


Gordon MacDonald 
Production Engineer Technician 







Electronics Workbench is a highly 
productive bench where you design and 
verify circuits in a fraction of the time. 
Connections are always perfect. Wires 
route themselves. And the simulated 
components and test instruments work 
just like the real thing. 
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Digital Module: Analyzing a logic circuit. 


It’s faster than building with actual 
components because you change 
connections and component values 
instantly. And since the simulated 
components are free, you don’t need to 
replace burnt-out parts or keep an 
extensive inventory. The result: You save 
precious time and money. Guaranteed! 












GE pete The standard for simplicity and power for 






















over six years, Electronics Workbench is the 


pe most popular tool of its kind. It has gained 
Gresonns) worldwide acclaim as the ideal complement 


@ OUT @ 


to any test bench. Fact: Over 90% of 
our customers recommend it to 


Analog Module: Tuning an RF front end. their friends and colleagues. 


3 Electronics Workbench 


The electronics lab in a computer™ 


Call: 44 0203 233216 


Robinson Marshall (Europe) PLC 
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g 41 * Nadella Building, Progress Close, Leofric Business Park, Coventry, Warwickshire CV3 2TF 

us FAX: (44) 0203 233210 —_ 

aii canes lal — *30-day money-back guarantee. ey - 
Shipping charges — UK £4.99. All prices are plus VA.T. Whpots INTERACTIVE 


All trademarks are the property of their respective owners. 
**With the purchase of Electronics Workbench. Offer valid until October 15, 1994. 








WHETHER ELECTRONICS IS YOUR HOBBY 
OR YOUR LIVELIHOOD... 


YOU NEED THE MODERN ELECTRONICS MANUAL 


oss 


REAL : S Stawrrers 





ED | The essential 
: ae ee Ss. reference Work 


e Easy-to-use format 





eClear and simple layout 








e Regular Supplements 





e Sturdy ring-binder 





Th 


eNews of latest developments 





a OSE 


eee A a eFull components checklist 
e Extensive data tables 


eee | = e Detailed supply information 





e Ready-to-transfer PCBs 





e Comprehensive subject range 


EVERYTHING YOU NEED TO 


e Detailed assembly instructions 


K N OW ABO U T E LE CTR © N Ics! e Professionally written 





The Base Manual contains information on the following DATA: Diodes, transistors, thyristors and triacs, digital and 
subjects: linear i.c.s, microprocessors. 
The Manual also covers Safety, Specialist Vocabulary with 

BASIC PRINCIPLES: Symbols, components and their . Abbreviationsand Suppliers. P y 
characteristics, passive component circuits, power supplies, 
acoustics and electroacoustics, the workshop, principles of OVER 1,000 pages, with over 900 diagrams and photographs, A4 
metrology, measuring instruments, digital electronics, looseleaf format weighing over 3.5kg. 
operational amplifiers, timers, physics for electronics. ALL-IN-ONE AND EASY-TO-USE: A sturdy ring-binder allows you 

to use the Manual on your workbench. The looseleaf format also 
CIRCUITS TO BUILD: Construction techniques, radio, telephony, — means youcan slot in the regular supplements as they arrive—so 
microcomputing, measuring instruments, vehicle electronics, all your information is there at a glance. 

r 

sha Sa een: eo gettmelasaueles EXTENSIVE GLOSSARY:Should you come across a technical 

word, phrase or abbreviation you're not familiar with — simply turn 
REPAIRS AND MAINTENANCE: Basic circuit operation for to the glossary included in the Manual and you'll finda 
radio, television, audio/hi-fi, telephones. comprehensive definition in plain English. 
oon GUARANTEE nnennnnonnnnnnnnnnnnnnnnnnnnnnnn 


Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy 
with the Manual, for whatever reason, simply return it to us in good condition within 30 days and we 
will make a full refund of your payment— no small print and no questions asked. 

(Overseas buyers do have to pay the overseas postage charge). 
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REGULAR SUPPLEMENTS 


Unlike a book or encyclopedia, the 
Manual is a living work — 
continuously extended with new 
material. Recent or upcoming 
supplements include radio, 
superconductors, electric motors, 
basic electronic building blocks for 
beginners which can be joined 
together to construct elaborate 
circuits, filters, IBM PC and 
compatibles (including 
updating/expanding PCs). 
Supplements are sent to you 
approximately every two months. 
Each supplement contains approxi- 
mately 160 pages — all for only £23.50 
+ £2.50 p&p. You can of course 
return any supplement (within 10 
days) which you feel is superfluous to 
your needs. 


RESPONDING TO 
YOUR NEEDS 


We are able to provide you with the 
most important and popular, up to the 
minute, articles in our supplements. 
Our unique system is based on readers 


requests for new information. Through 
this service you are able to let us know 
exactly what information you require in 
your Manual. You can also contact the 
editor directly in writing if you havea 
specific technical request or query 
relating to the Manual. 


ASSEMBLING ... 


There’s nothing to beat the 
satisfaction of creating your 
own project. From basic 
principles to circuit-building, 
the Manual describes clearly, 
with appropriate diagrams, 
how to assemble radios, 
loudspeakers, amplifiers, car 
projects, measuring 
instruments etc. 

The revised edition of The 
Modern Electronics Manual 
contains practical, 
easy-to-follow instructions for 
building a wide range of 
projects. It shows you how to 
make fun gadgets such as a 
remote control door opener 
and a digital rev. counter for 
your car. It also tells you how 
to construct useful devices 
like test gear, security and 


baby alarms — plus — many more 
popular devices. 





Now contains over 1,000 pages of information. 


Approximately 160-page supplements of additional information which are forwarded to 


you immediately on publication. These are billed separately and can be discontinued at any time. 
Durable looseleaf system in large A4 format (297mm x 210mm) 
£39.95 +£5.50 p&p (to include a recent supplement free). 


send me THE MODERN ELECTRONICS MANUAL plus 

a FREE SUPPLEMENT. | enclose payment of £45.45 
(£39.95 plus £5.50 postage and packing). Should | decide not to keep the Manual 
| will return it to you in good condition within 30 days for a full refund of this 
payment. | shall also receive the appropriate supplements several times a year. 
These are billed separately and can be discontinued at any time. 





Simply complete and return the order form with 
your payment to the following address: 
Wimborne Publishing Ltd, Allen House, 
East Borough, Wimborne, Dorset BH21 1PH 


























FULL NAME ....ccccsesccccssccsccsscnscccccsscnscccscsneccnncansscccsnssscsccssaansenscaece 
(PLEASE PRINT) 
PD DRESS cisiccierectscanptwnssvsnciavecenencswstsieustiss vet eeentasuienenacseeteaes sane 
OVERSEAS ORDERS: All overseas orders must be 
ckodpsadiiaitateaannecbansucenbee lawn genera steniedteseneetsuaserasedbussaiumaswacwenanenceoessumenes prepaid and are supplied under a money-back guarantee of 
satisfaction. If you are not entirely happy with the Manual return it 
within a month for a refund of the purchase price (you do have to 
pay the overseas postage). SEND £39.95 PLUS THE POSTAGE 
shisduaiawcewdusserensasdsecn@evenedwieumnedssateace POSTCODE ........0sssseecceesseeees | SHOWN BELOW: 
EIRE AIR MAIL ONLY £11 
EUROPE (E.E.C. Countries) AIR MAIL ONLY £20 
SUI TOI carierveccstnccoinnspcveces nea nseranennarhavantcueeetnanwiews puntecesscoeeceness EUROPE (non E.E.C.] SURFACE MAIL £20, AIR MAIL £26 
U.S.A. & CANADA SURFACE MAIL £25, AIR MAIL £32 
eae FAR EAST & AUSTRALIA SURFACE MAIL £31, AIR MAIL £33 
[_] | enclose cheque/PO payabie to Wimborne Publishing Ltd. REST OF WORLD SURFACE MAIL £25, AIR MAIL £44 


Note surface mail can take over 10 weeks to some parts of the 
world. Each manual weighs about 4°5kg including the free supple- 
ment when packed. 


All payments must be made in £’s Sterling payable to Wimborne 
Publishing Ltd. We accept Mastercard (Access) and Visa credit cards. 


[_] Please charge my Visa/Mastercard/Access 
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Special Feature 


EMBEDDED 
CONTROLLERS 


JOHN DAVIES B.Sc. 



































From fly-by- wire aircraft to automobiles and home 
control-systems, the applications for embedded 
controllers are increasing innumber and complexity. 


with personal computers in one way 

or another. They may use them at 
work, see them while shopping or, more 
often than not, play games on them. There 
is, however, another type of computer 
which is becoming more and more com- 
mon and which comparatively few people 
are aware of. This other type is the em- 
bedded controller which usually has no 
human interface other than maybe a few 
flashing lights. 

Before embarking on a tour of embedded 
controllers it is worth defining a few points. 
Firstly for the purposes of this article, the 
author has defined an embedded controller 
as a computer which is dedicated to one 
task only. 

This task may be to control a washing 
machine a TV, or the ignition system 
of a car, as will be seen the _ pos- 
sibilities are endless. Secondly, because the 
microprocessors used in embedded con- 
trollers contain many peripheral devices 
(interrupt controllers, memory, serial in- 
terfaces etc.) they are generally called 
microcontrollers. 

The rest of this article looks at where and 
why embedded controllers are used, what 
the differences are between them and the 
average PC (Personal Computer) and what 
design problems are faced. 


APPLICATIONS 


The earliest application of an embedded 
controller that the author has discovered 
is the small computer developed for the 
Apollo Lunar Programme of the 1960s. 
This computer was designed to take con- 
trol of the Lunar Module while it orbited 
behind the Moon and was thus unable to 
communicate with the computers on Earth. 

Since then embedded controllers have 
been used in aircraft, initially for naviga- 
tion and then for weapons control, and 
latterly for fly-by-wire systems whereby the 
entire aircraft is controlled by computer. 
Similar applications have been found in the 
shipping world and the latest P&O liner 
being built in Germany at the moment will 
be steered into port by means of a small 
joystick on the bridge. 

One of the largest and most obvious 
applications, however, is in the car market. 
These applications were instigated by the 
demands of the motorsport industry for 


Te days most people are familiar 
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Fig. 1. Typical engine management system. 


more and more power from existing engines 
and these developments have now spilled 
over into normal road cars. It is now very 
unusual for even middle of the range cars 
not to have an engine management system 
based on an embedded controller. 

The boom over the past few years in the 
home entertainment industry has also seen 
the introduction of embedded controllers 
into televisions, video recorders etc. 

Another area which has also _ been 
revolutionised by the availability of cheap 
embedded controllers is the design and 
application of alarm systems (both fire and 
intruder systems). Even cheap domestic 
alarm systems costing less than £100 will 
probably have a small microcontroller 
inside them. More sophisticated systems 
will even go to the length of having a 
microcontroller inside each sensor. 

The smallest embedded controllers in 
use at the moment are the credit card 
sized ‘“‘smart cards’. They are used for a 
variety of applications, e.g. high security 
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identification cards, rechargeable cards for 
electricity meters etc., and usually contain a 
simple microcontroller and a small amount 
of memory. 


MOTIVATION 


There are three main reasons for intro- 
ducing computer control. First, an im- 
provement in performance in the equip- 
ment being controlled can usually be ex- 
pected. The major boost in power and 
handling obtained by Formula One racing 
cars is due in no small part to the skill of 
the engineers who designed the on-car 
electronics. Indeed the power increase is so 
great that many of the electronic aids are 
now being banned. 

Applications in road cars have also 
resulted not only in power increase but also 
more importantly in economy. Recently, 
however, the reduction in exhaust emis- 
sions has become essential and embedded 
controller applications are the only real 
way to make progress. Fig. 1 shows the 
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way in which a-typical engine management 
system would work. 

Phenomenal increases in speed and 
performance have also been obtained in 
modern warplanes which now have very 
sophisticated weapon systems which allow 
the attacking of multiple targets simul- 
taneously. 

The second reason for using embedded 
controllers is to provide features that 
could not be provided using conventional 
analogue based systems. Formula One 
cars’ active suspension and traction control 
systems, for example, could not realisti- 
cally be implemented any other way. 
Similarly, the sophisticated video recorder 
programming methods using on-screen 
menus, barcodes and code numbers could 
not be done without embedded controllers. 

Finally, embedded controller based sys- 
tems are usually more reliable and need less 
calibration than their analogue counter- 
parts. Self test and diagnostic software can 
be built in to ease repair work and 
self calibration features can be used to 
minimise any adjustments required for 
measurement systems. 


PC COMPARISON 


The first and most obvious difference be- 
tween a PC and an embedded controller is 
the lack of a keyboard or screen. The em- 
bedded controller’s view of the world is 
obtained via analogue or digital signals. 
The digital signals can be represented by 
one bit of information, either on or off. An 
analogue signal, however, is slightly more 
complex in that it theoretically has an in- 
finite range of values. 

To simplify matters an analogue volt- 
age is converted into a digital number 
before being read by the microcontroller. 
The resolution of the conversion process 
depends on the application. A simple 
volume control for a hi-fi may only need six 
bits of resolution, where one bit represents 

1/64th of the maximum voltage. 

High performance measuring equipment, 
however, may need up to 16 bits of resolu- 
tion where one bit represents 1/65536th of 
the maximum voltage. Needless to say the 
more resolution needed the more expensive 
the analogue to digital converter devices 
and the more susceptible the circuit is to 
noise. 

An average PC usually has at least 
640Kbytes of RAM and more often 
anything up to 4Mbytes of RAM. The 
average embedded controller application, 
however, usually uses only hundreds of 
bytes of RAM with possibly a few Kbytes 
of EPROM for program storage. In 
addition, the average microprocessor chip 
used in embedded controllers packs in far 
more interfaces and peripheral devices than 
does say an 80386 or 80486 as used in 
many PCs. 

Embedded controllers are also generally 
more rugged than the average PC, and this 
is discussed in more detail later. 


PROBLEMS 


The first and most obvious embedded 
controller problem is that of program- 
ming. How do you program a computer 
which has no keyboard, screen or disk 
drive and whose program is stored in 
an EPROM? Early embedded controller 
applications were programmed by hand 
coding the assembler software and entering 
it byte by byte into an EPROM pro- 
grammer which was then used to program 
the EPROM. The controller was switched 
on and more often than not didn’t work. 
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Fig. 2. Future home control system. 


These days the software is written and 
assembled or compiled on a separate com- 
puter (usually a PC), traditionally in as- 
sembler but more and more in high level 
languages such as C. The PC is then 
normally attached to a separate piece of 
equipment called an emulator which has a 
pod which can be plugged into the circuit 
board in place of the microcontroller chip. 
The programmer can then download the 
software into the emulator and can control 
the operation of the microcontroller by 
single stepping through the program or 
setting breakpoints in much the same way 
as developing software to run on a PC 

Emulators for a simple microcontroller 
chip cost a few hundred pounds whereas 


_ emulators for specialist complex chips used 


for telecommunications applications can 
cost upwards of ten thousand pounds. 
When the program is running. satis- 
factorily the emulator is removed, the 
microcontroller replaced and the software 
programmed into an EPROM. 

The second major problem is that while 
the average PC will operate in a relatively 
benign office environment the average em- 
bedded controller application will face a 
more hostile climate. An engine manage- 
ment controller in a car, for example, will 
face an ambient temperature of — 30°C in 
Norway in mid-Winter and an ambient 
temperature of + 50°C in southern Spain in 
mid-Summer. : 

Very careful thermal design of the equip- 
ment and the use of rugged, almost military 
specification chips are needed to ensure 
reliable operation. The use of CMOS based 
low power devices is very important and 
most manufacturers of microcontrollers of- 
fer this option. Vibration can be a problem 
with extra restraints needed for any large 
components, e.g. capacitors, mounted on 
the printed circuit board (p.c.b.). 

A less obvious problem is that of 
humidity and heat cycling. An alarm 
system in a warehouse, for example, can be 
quite cold overnight then warm up rapidly 
during the day as the heating is switched on 
and then cool down again overnight. This 
sort of heat cycling can lead to condensa- 
tion forming on p.c.b.s and components 
usually with dire results. To overcome this 
problem the p.c.b.s may need to be sprayed 
with a waterproof coating. 

\ 


LEGISLATIVE 
IMIMMUNITY 


A further design problem which has 
only really been highlighted recently with 
European and worldwide legislation is 
that of Electromagnetic Compatibility or 
EMC. There are two main aspects to 
this legislation, namely susceptibility and 
emissions. 

Susceptibility means that your embedded — 
controller application must not be affected 
by other electrical equipment. Usually this 
means that the circuit must be unaffected 
by large voltage transients occurring in the 
vicinity. These can be the ignition system 
in a car, lightning strikes, switched mode 
power supplies or even the EHT in a televi- 
sion. The voltage transients may be con- 
ducted through the air or induced onto ~ 
wires connecting to the equipment. | 

Emission legislation means that your ap- 
plication must not emit voltages such that - 
it would be hazardous to other equipment. 
This may not seem to be a major problem © 
for embedded controllers but there are two 
main areas of concern. 

Firstly microcontrollers will operate at — 
clock speeds up to 1OMHz and the har- 
monics from digital signals at this fre- 
quency are large enough to interfere with — 
radio equipment. Secondly, switched mode 
power supplies are usually used to reduce 
size and increase efficiency and these also 
radiate at high frequency, especially onto 
the mains power input which is usually run ~ 
all around a building. 

Compliance with the various new bits of 
legislation is now essential as from 1996 no 
new electrical equipment may be sold in 
Europe unless it passes the relevant EMC 
tests. 


RUN-TIME 
ERRORS 


A final problem which may not at first 
seem to be a problem is that of dealing with 
errors which occur while an embedded 
controller is running. If something goes 
astray with an expensive PC spreadsheet, | 
for example, then the user can expect 
a reasonably friendly message explaining 
what has gone wrong and what the com- | 
puter is going to do about it. With cheaper 
software the computer usually sulks and 
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the only remedy is the reset button or the 
on/off switch. This is mildly annoying but 
not normally a problem unless a large 
amount of data has just been lost. 

With an embedded controller system, 
though, a message such as “Cannot find 
file.” or “MSDOS Error 2” is not very 
useful if the washing machine is_ busy 
emptying its contents over the floor or worse 
if you are landing your fly-by-wire fighter 
aircraft on an aircraft carrier in the dark. 

A common error which can lead to such 
problems is to declare an array of “n” 
elements and then to try and access the 
‘n+1th’” element of that array. At best 
you get an incorrect result, at worst you 
overwrite some other vital data. Some lan- 
guages, e.g. ADA which is used for military 
applications, will detect errors and allow 
the programmer to write software which 
will handle the errors if they occur. Most 
languages, though, don’t have this feature 
and unless great care is taken over the 
software an error will cause the embedded 
controller to fail, usually disastrously. 

A technique used to increase the 
reliability of embedded controller systems 
in life critical situations is to use more than 
one system for each function. Three 
systems are commonly used with. three 
independent microcontrollers using a 
‘majority vote’ system to define any 
output. This means that an error in one 
controller will be overruled by-the other 
two controllers if operating correctly. 

One problem which will not be: solved 
with this method is that any bugs in the 
software will be replicated in each con- 
troller so that although hardware failures 
will be handled, software bugs will-not. A 
method of overcoming this last difficulty 
is to have three systems as before but to 


RK 





have each system programmed by a dif- 
ferent team so that hopefully software bugs 
are not replicated across the three systems. 
This method is used on projects such as the 
Airbus fly-by-wire systems. 


FUTURE 
DEVELOPMENTS 


Over the past decade the trend for 
microcontrollers has been to make them 
smaller and consume less power whilst 
packing in more features. There has also 
been a tendency over the past few years to 
provide microcontrollers with dedicated 
specialised functions. An example of this is 
a microcontroller which is able to drive an 
l.c.d. and to scan a keyboard for use in 
remote control handsets. Others provide 
specialist communication path interfaces, 
e.g. for telephones. 


™ embedded controller applicati 





on— TV remote controller. 


The interconnection of chips is also being 
changed from the traditional _ parallel 
address and data busses to using a simple 
serial link. The I?C bus pioneered by 
Philips is an example. Fig. 2 shows a 
possible future application for an in- 
tegrated home control system using all the 
features described above. 

Finally, what will undoubtedly change is 
the range of skills needed by the engineers 
who design and build these embedded 
controller systems. No longer will there be 
a clear cut distinction between hardware 
and software design and engineers will 
need both types of skills. The final system 
design for any embedded controller ap- 
plication will always be a compromise 
between hardware and software design and 
the most successful design will. be the 
one which combines the best from each 
discipline. C 
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8051 In-Circuit Emulator 


89C51 Microcontollers 


Flash version of 87CS1. 


Z80 Controller Board (with Basic Interpreter). 


@® Fully programable in BASIC via RS232 on PC 
@ CMOS Z80 processor @ Up to 641/O Ports 
@ 8k of User Memory @ Eprom Blowing Facility. | INC 


80C552 Embedded Controller/ 


Development Board MA-012/32 
® Microcontroller (Installed) 80C552 (MA-012) 
® Credit card size PCB 5x7cm @ 32K SRAM (62256) 


Supported 
Devices: 
8051/52 
80C51/52 
8031/32 
80C31/32 
(EA*=0) 
colour 


catalogue 
available 


£17.50 nc 


£60.00 


£52.88 


INC 
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@ Adapters for 8751, 8051(EA = 1), 80C451, 80C552, 
80C562, 80C652 @ Built-in assembler 

® Optional EPROM and 8751, 8752, 87C552, 87C752 
programmers available from £39 

@ 10 day money back guarantee. £2.64 Inc 


P.C. E(E)prom Programmer 








£145 inc 


BEST EVER 
VALUE 


For PC 
XT, AT, 
386, 486. 


@ Internal card for greater security '@ Reads, verifies & 

Program’s devices to4 Meg. @ Fast Program’s 64A in 10 sec. 
@ Binary, Intel Hex, Motorola S. Format @ Colour software. 
@ Adaptors available for Micro’s, 16 bit, Epson cards etc. 


All prices include V.A.T. Please add £5 p&p and send cheque with order. Allow up to 10 days for delivery. 
If you require any further information or demo disk please call. 


32, Pear Tree Ave., Ditton, Aylesford, Kent ME20 6EB. Tel/Fax 0732 844633 
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@ Ram backup — just connect 3.6V ni-cad 

@ Eprom socket to take 2764/27256 

@ 96 interface connections 

@ Stackable with other modules providing additional facilities. 


Development kit for above. £]].75 ic 
Monitor Eprom (Not available 


Ideal for students and enthusiasts separately) 
@ Download Hex files @ Edit both Data/Prog data and SFR’s 
@ Full Monitor Facilities plus more. 


Device Programmer 


PLD, GAL, PALCE £349 
As well as E(E)proms, Flash, INC 
Micro-controllers inc PIC’s & Serial 
E(E)prom. 

Fast programming 27C040 4 meg 90 sec’s. 
Small enough for briefcase. 
Made in U.S.A. 
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UNIVERSAL 
DIGITAL 
CODE LOCK 





BART TREPAK 





PIC and choose the code that 
keeps crooks from your pad. 


VER since the earliest civilisations, 

when men found that they were not 

all equal and some had more posses- 
sions than others, there has been a need for 
locks. Even the ancient Egyptians had one 
which, interestingly, worked on the same 
basic principle as the modern pin-tumbler 
lock mostly in. use today for domestic 
applications, although theirs was much 
bigger and made mostly of wood. This 
simple affair, backed up no doubt by 
draconian punishments for offenders (such 
as chopping the hands off anyone caught 
stealing etc.) was presumably sufficient to 
keep one’s valuables safe. 

With the progress of civilisation and 
technology, the sophistication of the lock- 
smith and the criminal has advanced to the 
stage where complicated mechanical locks 
with three, five or more levers are required 
to satisfy insurance companies while the 
more liberal approach to punishment en- 
sures that even these are not always suffi- 
cient to deter the burglar. 


KEY PROBLEMS 


The “‘trick”’ with any lock design is to 
make it easy to open for the legitimate 
owner, but extremely difficult for everyone 
else. With mechanical locks this is done 
by providing the owner with a key which 
(hopefully) only he possesses. 

The problem here is that while it is pos- 
sible to buy a duplicate key or at least have 
one cut, it is not possible to buy a duplicate 
lock with the result that instead of having 
one key to open all your doors, a whole 
bunch is required. This may be better from 
the security point of view but it can be very 
annoying to have to carry around all this 
metal and then to fumble in the dark to 
find the correct key. (Ancient keys were 
very large, some up to a metre long so they 
must have had an even bigger problem and 
no electronics to offer a solution!) 

Worse still, keys can be easily lost or left 
inside the premises and then the lock be- 
comes more of an obstacle to the legitimate 
owner than to the burglar who feels less 
inhibited about, say, smashing a window to 
get in. 

Those who have had the misfortune to 
lock themselves out of their car will know 
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the feeling of frustration, especially when 
told stories of ‘‘professionals” who can 
break into any car in 30 seconds. When 
keys are stolen the position is even worse 
since all the locks may have to be changed 
to ensure that a thief does not gain access. 
Combination locks overcome most of 
these difficulties at a stroke because they 
eliminate the need for a key, but there 
remains the problem of changing the com- 
bination if the code is discovered. This 
can be difficult or even impossible with 
mechanical combination locks but is rela- 
tively simple with electronic ones. Over the 
years, some lock chips have appeared on 
the market which required the changing of 
a few links to alter the code, while later 
developments have a memory which can be 
re-programmed from the key pad. 

These perform admirably but still have 
limitations which preclude their use in many 
applications. It was therefore decided to 
design a lock which would be virtually 
impossible to pick (unless one had the 
patience of a saint) and which would be 
useful in as wide a range of applications as 
































possible, from replacing your front door 
lock, to preventing the unauthorised use of 
your computer. It is worth mentioning at 
this point that there is no such thing as a 
totally secure lock as given sufficient time 
and a computer, any code can be cracked. 
Also, it should be remembered that a lock is 
only as good as the door to which it is fitted. 


LOCK 
REQUIREMENTS 


Combination locks are used in many dif- 
ferent kinds of premises all of which can 
have different requirements, but common 
to all, is that they must be simple to use, 
difficult to open if the code is not known 
and easy to re-program. Not much more is 
required from a domestic lock but for one 
used in a hotel or guest house for example, 
two open codes would be an advantage. 
One could be given to the customer or guest 
which he or she could change at will, while 
the management would have another code 
which would allow the staff to enter rooms: 
to clean or when the guest had left and 
omitted to leave the number that he had 
programmed. 

The customer should be able to change 
only his own code while the management 
should be able to change either should 
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Fig. 1. Principal circuit diagram for the Universal Digital Code Lock. 


this be required. In an office or research 
laboratory, the requirement could be simi- 
lar but it may be useful to give cleaners or 
other people who need to have access for a 
limited period a special temporary code 
without the need to go around and re- 
program all the locks once they had gone. 
The lock to be described has a special 
temporary code which can be easily pro- 
grammed and automatically cancels itself 
15 minutes after it is last used. 

Another requirement concerns the use to 
which the circuit is put. Most electric door 
release mechanisms require to be energised 
for a short period only to enable the door 
to be pushed open, but in some situations, 
such as arming or disarming a burglar 
alarm or car ignition, the output must 
remain latched in the open or closed state. 
The lock is designed to provide either type 
of output and this can be selected by means 
of a diode link. 

In some applications, it could be useful 
to be able to connect a door contact ena- 
bling the unit to sense if the door was open 
or closed. A warning could then be given 
if the door were inadvertently left open, a 
desirable feature for fire doors or doors in 
security sensitive areas. 

An external alarm could also be sounded 
if the door was forced, enabling the unit 
to function as a self contained alarm 
for the door or be connected to a more 
comprehensive alarm system covering the 
whole building. This feature has also been 
added to the circuit and may be used with a 
reed switch/magnet combination, the con- 
tacts being normally closed when the door 
is closed. If this feature is not required, the 
input may be permanently shorted with a 
wire link. 

Programming should also be easy (for 
the legitimate owner) without the need to 
take the unit to bits or refer to a manual so 
this should be possible from the keypad 
using as few entries as possible. Some digi- 
tal locks feature EEPROM memories to 
store the programmed open code if there 
should be a power failure. This is difficult 
to justify in terms of cost or even con- 
venience especially if, as in this case, the 
lock control unit takes only a few seconds 
to re-program. 


Since a battery would be required to 
power the solenoid to enable the user to 
enter during a power failure anyway, this 
battery could also retain the memory con- 
tents. The unit consumes so little current 
that a small battery would easily retain the 
memory contents for the duration of a 
power cut. 

In this design, programming is carried 
out by simply entering the current code 
followed by two depressions of the star 
(‘**°?) key while the output is open, keying 
in the new sequence and pressing the star 
key again. An L.e.d. is included which lights 
to show when the unit is in the “program 
mode’’. 

Finally, to make the circuit compatible 
with any key pad, it should be possible 
to connect a piezo sounder to bleep each 
time a key is pressed. This is particularly 
useful with membrane keypads or those 
which have little or no tactile feedback. 
The sounder could then also form the local 
alarm in case of tampering and alert the 
user to any errors when programing. 


HARD TO PIC 


If the lock is to be easy to use, then the 
open combination should be limited to as 
few numbers as possible so that the owner 
does not have to remember long strings of 
digits or spend a long time entering them. 
Obviously, the longer the code, the more 
possible combinations there will be and the 
harder it will be for the intruder to chance 
on the correct one, so a compromise must 
be made. 

Given a 12-way keypad, the number 
of possible three-digit codes is 1728 
(12x 12x12). The corresponding pos- 
sibilities for four and five-digit codes are 
20,736 and 248,832 respectively. If the 
prospect of trying nearly two thousand 
combinations sounds daunting, twenty 
thousand does not bear thinking about, so 
a four-digit combination was chosen. 

To make things more difficult for the 
determined code breaker or the one who 
feels he has the time to spend trying every 
combination, the circuit is designed to 
sound a warning alarm for a short time and 
disable the keyboard for a slightly longer 
time following a preset number of incorrect 
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entries. This means that assuming that the 
keyboard lock out time has been set to 15 
seconds and the alarm sounds after two 
incorrect entries, the intruder would only 
be able to enter at most six digits per 
minute (in fact, after the first two incorrect 
digits, every incorrect entry generates a 15 
second delay so only four digits can be 
entered every minute) so that it would take 
him over three and a half days, working 
day and night to try them all. 

Even ignoring the sheer boredom of this 
task and the inevitable breaks which would 
be required, this estimate is wildly optimis- 
tic. As there is no indication that the open 
sequence is a four-digit one and not a three, 
five, eight or some other number, or that 
the keyboard is being disabled for most of 
the time, the chances of someone discover- 
ing the combination by trial and error are 
virtually non-existent. 

With so many requirements, the only 
realistic way of performing all these func- 
tions without resorting to twenty or thirty 
standard logic chips, or developing a cus- 
tom chip, is to use a microcomputer. This 
circuit is based somewhat appropriately on 
a PIC microcontroller and all the above 
features have been incorporated. 

The additional cost of adding any of 
these features to a basic lock circuit is only 
a few more lines of program code and 
many of them can be easily disabled should 
they not be required in a particular situa- 
tion. This makes the circuit suitable for 
the majority of applications from controll- 
ing access to buildings or parts of build- 
ings, including flats, hotels or offices, to 
preventing the unauthorised use of equip- 
ment such as computers, domestic alarm 
systems or car ignition immobiliser/alarm 
systems. The only modifications required 
will be the type of output device selected, 
such as a relay or solenoid, and which 
diode links are fitted. 


CIRCUIT DETAILS 


The circuit diagram for the digital code 
lock controller is shown in Fig. 1. The use 
of a pre-programmed microcontroller, IC1, 
reduces the circuit to almost trivial propor- 
tions consisting of little more than the chip, 
keyboard, programming indicator l.e.d., 
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piezo sounder and output drivers together 
with a handful of resistors and diodes 
required mainly for selecting the various 
functions. The processor handles every- 
thing from the keyboard scanning to driv- 
ing the outputs and piezo sounder and also 
contains the RAM which stores the open 
codes as well as the ROM which stores the 
program. 

The chip includes a power on reset cir- 
cuit which makes the computer execute its 
start up routine which consists of “‘read- 
ing” the diode links D4 to D7 and resis- 
tor R7, and initialising the memory, after 
which it settles down to scanning the key- 
board and controlling the outputs as re- 
quired. Resistor R2 and capacitor Cl con- 
trol the timing of the on-chip oscillator, 
which in turn controls the bleep frequency 
and alarm time, etc. 

Since none of these times are critical, an 
R/C oscillator was chosen so that the ac- 
tual times quoted are only approximate. 
The prospective intruder is not going to 
complain if the alarm sounds for only 14 
minutes and 35 seconds instead of the full 
15 minutes quoted! 

For use in a typical domestic lock ap- 
plication, the output would switch on and 
energise the lock solenoid SOL] via tran- 
sistor TR1 for approximatly five seconds 
following the entry of the pre-progammed 
four digit combination. Each time a digit is 
entered, the sounder WD1 is bleeped and 
an internal timer restarted so that if no 
digit:is entered within the next five seconds, 
the digit counter is reset and the next digit 
is assumed to be the first in the sequence. 

Incorrect entries are counted and when 
the count exceeds the preset number, the 
internal alarm is sounded and the keyboard 
is locked out for the preset time. Any fur- 
ther incorrect entries will also do this and 
will activate the external alarm WD2 via 
transistor TR2. This may be a loud siren 
or bell depending on the application and it 
will sound for approximately 15 minutes, 
or until the correct security code is entered. 

Since the chip requires a 5V d.c. supply 
whilst most solenoids run at 9V or 12V, 
Zener diode D2 and transistor TR3 are 
included to supply the 5V from the higher 
voltage. 


PROGRAMMING 


Once the lock is open (i.e. the output is 
on), the unit may be re-programmed by 
entering “***” (“‘*” key twice). This will 
cause the program l.e.d. (D8) to light and 
the output to remain on (unlocked) in- 
definately, or until the programming se- 
quence is finished even if the unit is being 
used in the momentary mode. Care should 
therefore be taken not to leave the lock in 
this state as some solenoids may not be 
rated for continuous operation. 

Depending on whether the manager or 
customer code was entered when opening 
the lock, (the manager code must always 
start with the “#” key followed by four 
digits while the customer code consists of 
only four digits) the next four numbers 
keyed will reprogram that code. The pro- 
gram mode is terminated by pressing the 
‘“*? key once, when the l.e.d. will switch off 
and the output will follow (if the unit is in 
the momentary mode). 

If the ‘‘*” key is pressed after fewer than 
four keys had been entered, the sounder 
will bleep three times and the unit will 
remain in the program mode until at least 
four digits have been entered. If more than 
four digits are entered before the “*”’ 
pressed, only the last four will form the new 
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code, so if you make a mistake in program- 
ming, simply key in the correct required 
number before pressing the ‘‘*”’ key. 

To change the customer code after having 
entered the manager code to open the lock, 
the “*” key should be pressed twice (to 
enter the program mode) followed by the 
“#° key. The following digits will now 
modify the customer code with the ‘‘*” key 
returning the unit to its normal mode, the 
manager code remaining unchanged. 

If this is done after the customer code. is 
entered, the new code will form the tem- 
porary code and a 15 minute timer will 
start which will reset this code when it 
times out. The temporary code may be used 
to open or close the lock and will reset the 
timer each time it is used, but if this code is 
entered followed by ‘‘**” the unit will not 
enter the program mode so that it is impos- 
sible to change any codes if only this one is 
known. | 

Any of the digits zero to nine may be 
used in any combination with the same 
digits repeated if required. The ‘‘*” and 
“# keys are not allowed as part of the 
code sequence and the only other limitation 
is that the customer and temporary codes 
must not start with the same digit, i.e. 5451 
and 4451 is acceptable but 5451 and 5936 is 
not. 

The same programming procedure is 
used when the unit is in the latched mode, 
the only difference being that the output 
will not switch off when the programming 
mode is finished by pressing ‘‘*’’ until the 
new valid code is entered. 

The following examples should make the 
process clear: 


Current manager code: 1066 
Current customer code: 1234 
Current temporary code: 5678 


Key sequence entered: 
1234 ** 0000 * customer code will now be 
0000. Other codes remain unchanged. 


Key sequence entered: 
#1066 ** #0123456789 * 


Customer code will change to 6789 (only 
the last four digits are stored). 


Key sequence entered: 
5678 ** #98765... 


No change in any codes because pro- 
gram mode is disabled if temporary code is 
entered. Program indicator l.e.d. remains 
off. 


Key sequence entered: 
6789 ** #4321 * 
Temporary code will change to 4321. 


Key sequence entered: 
#1066 ** 1111 * 


Manager code will now be 1111 (enter 
#1111 to open or close the lock). 





ALARM INPUT 


As mentioned, the circuit also features an 
alarm input which may be connected to 
a normally closed contact such as a reed 
switch/magnet assembly S14 which opens 
when the door is opened. If the door is 
opened while the lock is in the closed mode 
(i.e. output is off) as would be the case 
if the door were forced, for example, the 
alarm is immediatly activated (transistor 
TR2 switches on) and will sound for 15 
minutes or until the correct code is entered. 
Closing the door once the alarm has gone 
off will, of course, have no effect. 

If the lock is first opened and the door 
then pushed open, the alarm will not go 
off but the sounder will bleep twice every 
twenty seconds to remind personnel that 
the door is still open even if the output 
turns off as it would in the momentary 
mode. . 

Once the door is open, closing the lock 
either manually or automatically while 
holding the door open will not activate the 
alarm as this will only be armed when the 
door is closed and the output (transistor 
TR1) is off. The door open reminder can be 
disabled if it is not required by omitting 
resistor R7. The alarm can be disabled by 
simply connecting a link in place of the 
reed switch. In this case resistor R3 may 
also be omitted. 

There is, of course, one problem which 
occurs when a person already inside the 
room or building wants to leave, as open- 
ing the door (even from the inside) without 
first entering the open code would set off 
the alarm. 

Another keypad could be provided on 
the inside but it would be tedious to have to 
keep entering numbers to leave as well as 
to enter, so a separate input for switch 
S13 (which would be mounted within the 
protected area) has been provided. Pressing 
this will disable the alarm while the door is 
opened and remove the need for an exit 
timer, which would also need to be user 
programmable to cater for different situa- 
tions. The alarm is again enabled only after 
the door has been closed. 


SELECTING 
OPTIONS 


Functions such as momentary or latched 
output, keyboard lockout time (following 
incorrect entries), number of incorrect 
entries allowed without setting off the 
alarm, and initial open codes are selectable 
by means of diodes D4 to D7 as shown in 
Table 1. Note that only the pre-pro- 
grammed management code selected is 
valid after power on so that the first entry 
must begin with the “#’” key. These codes 
have been chosen to make them easy to 
remember and some readers may recognise 
them as important historical dates. 1805 





Fig. 2. Suggested power supply circuit. 
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was the Battle of Trafalgar, 1914 and 1939. 


the. beginning of the First and Second 


World Wars and 1066 which should need © 


no explanation. 


Following initial power-up, customer or 


temporary codes can be entered and 
changed, as can the management code, only 
after the initial. preset code has been 
entered; Note also that irrespective, of the 
preset number of incorrect entries which 


have been selected, the circuit will give a - 


warning after the first incorrect entry and 
an alarm following the second after the 
unit is powered up. This will change to the 
selected number once the correct sequins 
has, been keyed in. 


POWER SUPPLIES 


The circuit will operate from any supply 
in the range 5V to 18V so the choice of 
supply will be determined largely. by the 
supply requirements of the load and the use 
to which the unit is to be put. 

For door locks and area access applica- 
tions where a solenoid or electric latch are 
to be operated, a mains supply, such 
as that shown in Fig. 2, capable of 
supplying sufficient current to operate 
the solenoid will be required, plus ‘per- 


COMPONENTS 


Resistors 


7 See | 
SHOP 
4k? (of) TALK 
| ids Page 
| 100k 
R8to R14 
(RM1) 7.x 10ks.i.l. resistor 
meres module : 
R15 _——s see text 


Capacitors | 
C1. .; 220p ceramic 
C2. ——«-10p radial elect. 1 6V 
C3 100n polyester 
C4 1000n radial elect. 25V 


Semiconductors). 
1C1 PIC16C54RC 
: pre-programmed 
microcomputer (see text) — 
TR1, TR2:ZTX600 npn Darlington | 
transistor (2 off) 
TR3 2N3903 npn transistor 
D4 to ae 
1N4148 signal diode 


(5 off) 
BZY88C5V6 Zener diode 
--1N4001 rectifier diode . 


(4 off) 
5mm red |.e.d. 





Fig. 3. Printed circuit board component layout and full size copper foil master track 


pattern. | 


haps a rechargeable beter with sufficient 


' capacity to operate the solenoid in the 


event of power failure. This circuit could 
be treated as a small plug in d.c. power 
supply with a rechargeable PP3 battery in 
the case of some low power electric latch 
mechanisms. Alternatively, it could be a 
higher power d.c, supply and a stack of 
rechargeable C or D cells in the case of 
some heavy duty solenoids. 

If the rectified d.c. supply has a slightly 
higher output voltage than the battery, 
then this may also be used to trickle charge 
it via resistor R15. The latter should have a 
value to limit the charging current to that 
recommended by the battery. manufacturer 
(usually 0-1 times the amp-hour rating in 
the case of Ni-Cads). Non-rechargeable 


batteries should not be used with this — 


circuit. , 
If the circuit is to be used to switch on a 
car alarm or disable the ignition, the 12V 


car battery would be the obvious power -: 


supply choice with the lock driving suitable 
12V relays. It is not advisable to use the car 
horn as the external alarm as these are not 
normally rated for continuous use. 

For restricting the use of other 
equipment such as computer systems, 


Table 1. 





POSITION FUNCTION 


Latched Output 
Not ae Momentary Output : 


photocopiers etc., similar power supply 


and output requirement gicenatoiaen ep will © 


apply. » 
CONS TRUCTION 


It is recommended that the circuit is built 


on a printed circuit board (p.c.b.) as this — 
will make construction quicker and much: 


less error prone. Details of the component 
layout and full size copper foil master track 


pattern for the suggested p.c.b. are shown — 
in Fig. 3. This board is available from the 


EPE PCB Service, code 922. 

Care should be taken to ensure that all 
diodes, transistors, electrolytic capacitors 
and the integrated circuit are fitted to the 
board the correct way around. Note also 
that the resistor network module RM1 
must be fitted the correct way around, the 


common connection usually being indi-- 
cated by a dot on the component. The 


microprocessor IC] is a CMOS type and 
although the input circuitry at the pins has 
been designed to protect the device from 
electrostatic damage it is best. to fit a 
suitable i.c. socket to the board and insert 
the chipinto this... | 

The order: of, assembly is of course 
immaterial but it is usually best to begin 


with the low profile. 


components such as 
resistors and diodes, 
and then progress 
(capacitors, transis- 


terminal . blocks). 


to the taller. ones: 


tors, led. and. 


Miscellaneous 

Miniature piezo transducer, printed 
circuit board available from the EPE 
PCB Service, code 922; 2-way p.c.b. 
terminal block (4 off); 3-way terminal 
block; 18-pin i.c. socket; 7-way key- 
board connector (see text); 4 x 3 matrix 
keyboard. 









Resistor R7 should. 
be omitted if. the): 
“door open” signal, 
is not required and | 
diode D7 fitted if a: 
latched output. is 
required. Diodes 
D4 to D6 should be 
fitted or omitted as 
required in accord- — 
ance with Table 1. 
The circuit is 
designed to operate 
with . virtualy any 
keyboard as long as 
it has matrix con- 
nections (i.e. rows 








1 Incorrect Entry Allowed 
2 Incorrect Entries Allowed 


# 1805 Code 
#1914 Code 
# 1939 Code 
Not Fis # 1066 Code 
: 
G: ; 5 Incorrect Entries Allowed 
| , Not fitted 255 Incorrect Entries Allowed 
10 secs Lockout Time 
15 secs Lockout Time 
25 secs Lockout Time 
Not Fas 5 secs Lockout Time 


Fitted DOOR OPEN Warning 
£37 Not fitted No Warning 
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Optional 
S1  push-to- make switch; $2 
door contact (reed . switch/magnet 
assembly); siren; solenoid/lock 
No lana power supply/battery (see 
text). 

















Approx cost 
guidance only 











ZAP UNVEN 


C2 R1 C1 RS C3 RB R2 
NOTE:- END PADS ARE NOT CONNECTED 





Fig. 4. Keyboard connection details. 


and columns) and is not one with a common 
connection. These are easily distinguished as 
a 12-way keyboard with a common 
connection will have 13 terminals while a 
matrix connected keyboard will have’ only 
seven. The choice of keyboard will depend 
largely on the application, personal 
preference and of course cost. If the unit is to 
be mounted outside then a weather proof 
type should be used, but as long as it is not 
subjected to driving rain then a membrane 
type or the low cost conductive rubber type 
specified may suffice. 

The connections for the keyboard used 
are shown in Fig. 4 but if your keyboard 
does not have the same connections this is 
not 1.0 important as long as the column 
connections of the keyboard are connected 
to the :olumn connections on the printed 
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circuit board and likewise with the rows. In 
this case the circuit will work, although the 
numbers will be different and in particular 
the functions of the ‘“*” and “#” keys may 
be performed by two of the numbered keys. 
The wiring details used by the author are 
shown in Fig. 5. 

Although the keyboard could be wired 
directly to the board using short lengths 
of stiff copper wire, it is best from a 
security point of view to mount the key- 
board remotely from the unit on a length 
of ribbon cable. This enables the circuit 
board to be mounted within the protected 
area with only the keyboard outside and 
prevents anyone from simply shorting out 
the output transistor on the printed circuit 
board to gain access, which could be easy 
to do if the whole unit were mountéd 
outside. 


KEY PLUGGED 


Installation is also made much easier if a 
plug and socket are fitted to enable the key- 
board to be “‘plugged”’ into the circuit. Any 


‘suitable miniature 7-way plug and socket 


such as a DIN or D-type connector may 
be used although a 7-way p.c.b. pin header 
and mating crimp socket are probably the 
simplest. These are available in 0-lin spac- 
ing in 2, 3 and 4-way versions so a 7-way 
version can be easily made up. 





If other keyboards are used, such as 
membrane types or even ones made up 
from individual switches (as long as the 
switches are connected in a 4x3 matrix), 
the method of connection will need to be 
modified to suit. In some applications, it 
may be desirable to fit the l.e.d. and 
sounder near the keyboard so that a similar 
ribbon cable/plug and socket arrangement 
would be required. To prevent noise pick- 
up on the keyboard inputs, leads should be 
kept as short as possible. 

Note that this circuit uses a piezo 
sounder or piezo element which should not 
be confused with piezo buzzers which, as 
well as the element, also contain an 
oscillator circuit to produce a sound when 
connected to a d.c. voltage. The p.c.b. has 
been designed to accommodate either a 
p.c.b. mounted sounder or one with flying 
leads. 


TESTING 


When assembly is complete the circuit 
may be tested using a 9V d.c. supply (or a 
9V PP3 battery) with the correct polarity 
connected to terminal block TB4. Light 
emitting diodes with one kilohm series 
resistors may be connected from the ter- 
minals of TB3 to the positive line to 
simulate the solenoid and siren. A toggle or 
slide switch maybe used to replace the reed 


zs 


Fig. 5. Details of the interconnections between the printed circuit board and the 


other components. 
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switch and connected between the ter- 
minals of TB2. A push-to-make switch, 


S13, should also be connected to the ter- 


minals of TBI. 

Before plugging in the chip, switch on 
and check with a voltmeter that you have 
+5V between pins 5(—) and 14(+) of the 
i.c. socket. If this is not the case, check the 
polarity of the Zener diode D2 and transis- 
tor TR3. If all is well, switch off and insert 
the chip into its socket. 

Note the diode settings and switch on. 


All the l.e.d.s should be off and the opera- 


tion of the circuit should be checked. If 
the circuit appears to go into alarm mode 
immediately on switch on, check that the 
switch substituting for the reed switch is 
closed. If the circuit appears to ignore any 
keyboard entry, check that diodes D4 to 
D7 (where fitted) are soldered the correct 
way around. 


INSTALLATION ~ 


‘No details are given for enclosing the 
unit as so much will depend on how and 
where the circuit is to be used. For a 
door lock application, the circuit could 
be housed in a suitably sized plastic box 
which could also house the power sup- 
ply and battery if used. This could be 
mounted conveniently near to the door to 
avoid long cable runs to the keyboard, 
electric lock mechanism, reed switch and 
siren. Switch $13 could be mounted on the 


ae 


ip 





box. Whether « or not the piezo sounder i iS 
mounted in the box will depend on if it 
can be heard from the location of the 
keyboard. 

The keyboard could be mounted on 
some kind of decorative panel, on which 


the l.e.d. (and sounder) could also be 


mounted. The panel need not be par- 
ticularly robust (such as the thick steel 
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panels normally used i in ne applications) 
unless you are afraid of someone wilfully 
vandalising the keyboard out of sheer 
desperation at being unable to break the 
code. If the unit is constructed with the 
electronics separate as suggested above, 
removing or smashing the keybe:urd will 
only make entering numbers more difficult, 
making it even harder to get in. 
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New Technology 





HIS month we are taking a look at 
y ae of the developments which are 
taking place in radio communications. 
This technology is now a major growth 
area of the electronics industry. As people 
are finding they need more versatile 
mobile communications, developments in 
radio are taking place at an ever 
increasing rate. 

New breeds of cellular phones and 
cheaper prices as well as developments in 
data transmission, and of course the rise 
in satellite television, have all fuelled 
a tremendous amount of development. 
Many of the new developments have 
already hit the market place and we are 
beginning to see the rewards. There are, 
though, still a very large number in the 
pipe line which promise some exciting 
improvements for the future. 


The enormous growth in radio telecom- 
munications has brought about a need for 
cheap high performance microwave i.c.s. 
In the past, microwave components have 
been notoriously expensive, but the 
increased markets have now given many 
manufacturers the incentives to start 
developing low cost components for these 
frequencies. 

For some years now low cost MMICs 
(monolithic microwave i.c.s) have been 
available for operation at up to fre- 
quencies of 1GHz (1000MHz) and more. 
Now there is an increased demand for 
greater levels of integration at frequencies 
of up to 10GHz. 

At these frequencies circuit losses be- 
come a significant problem. Even conven- 
tional glass fibre boards cannot be used 
because of their poor performance. This 
results in the use of expensive teflon or 
p.t.fie. based boards. If further com- 
ponents could be integrated onto a single 
chip, then many of the losses could be 
reduced and costs cut. 

Seeing the need for the development 
of lower cost and more integrated 
microwave circuits, the Microelectronics 
Division of M/A Com _ Inc. have 
developed a new glass microwave 1.c. 
technology. This allows microwave 1.c.s 
and discrete components to be placed 
onto the same substrate to give high 
performance for a relatively low cost. 

When developing circuits for 
microwave applications there are a 
number of features which must be 
included which are not normally present 
for digital circuits. Low r.f. losses are 
obviously of paramount importance. In 
addition to this, tracks between many of 
the stages and components must form 
accurately matched transmission lines. 
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Glass-on-silicon and etched aerials are two of the 
latest developments in communications technology — 


lan Poole reports. 


To fulfil these requirements M/A Com 
devised a new structure. Their new glass- 


—on-silicon wafer forms the basis of the 


new i.c.s. Standard thin film techniques 
can then be used to place the tracks and 
transmission lines and lay down the com- 
ponents, (Fig. 1.). 

The ground plane is created by using a 
layer of silver or gold between the glass 
and silicon. It is then possible to connect 
to this layer by bringing the ground con- 
nection up through the glass using “‘yvia”’ 
holes similar to those seen in ordinary 
multi-layered printed circuit boards. 


WIRE CONNECTIONS 


DIELECTRIC 
INSULATOR 


METAL PLATES 
OF CAPACITOR 


SILICON 


Television aerials are a feature of our | 
modern society. Most houses will have 
one attached to a chimney stack, and . 
there are a growing number of satellite 
dishes appearing on building walls. In — 
view of this, a number of companies have 
been working on developing methods of 
manufacturing less unsightly aerials for a_ 
variety of uses, commercial and domestic. 

In one development being undertaken 
at the Georgia Institute of Technology a 
flat aerial which can be hung in a window, 
Or incorporated into a roof.has been 
developed. Although its current operating 


THIN FILM 
RESISTOR 


HEAT FLOW 


BASE OF PACKAGE 





Fig. 7. Part of a typical glass-on-silicon I.c. 


The silicon layer itself consists of 
heavily doped silicon, and this provides a 
highly conductive path to the outside 
package. 

In the development of this technique, 
great attention was paid to the thermal 
aspects of the design. Many microwave 
i1.c.s consume high levels of current, and 
this results in high levels of heat being 
generated in localised areas. The silicon 
itself has high thermal conductivity and it 
provides an efficient path for the heat to 
flow away from the i.c.s. 

In addition to this, the thermal coeffi- 
cients of expansion of the glass and silicon 
are closely matched. This significantly in- 
creases the reliability of the final circuit. If 
this were not so then the resultant stresses 
built up in the circuits could lead to early 
failure of some of the components. 

These circuits, along with many other 
new ideas, should help to open up higher 
frequencies to mass produced products. 
New generations of cellular phones to- 
gether with a host of other uses could all 
benefit as the lower frequencies become 
fully used and higher ones have to be used 
to cope with the demand. 


range is between SOOMHz and 4GHz it is’ 
expected to find widespread usage in — 
a variety of applications including TV — 
reception, cellular telephones and even 

satellite communications. Possible further 

developments may be able to extend its 

coverage up to satellite TV frequencies in 

the region of 12GHz. 

The aerials are constructed out of a 
teflon or p.t.f.e. sheet and the conductors 
for the aerial are etched out of copper on 
the sheet using ordinary p.c.b. techniques. . 
These conductors make-up an array of 
dipoles, and by careful choice and calcula- 
tion of the lengths and positions it is pos- 
sible to alter the frequency bandwidth and 
directivity performance. 

Once the basic aerial has been manufac- 
tured it is mounted in a layer of foam over 
a metal sheet. This construction ensures 
that the assembly does not distort and al- 
ter its properties. : 

To aid with the design of the in- 
dividual aerials the development team use 
a computer program which enables the 
basic specifications. for the aerial to be 
turned directly into the artwork needed to 
manufacture the aerial. | 
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Semiconductors, Surface Mount 
Technology, fuses, batteries, 
potentiometers, capacitors 


More ... 

Fire & security, wiring 
accessories, lights, plugs, 
fittings, Datacom products 





Order by phone - pay by Access or Visa - it couldn’t be easier 
PHONE: 


3 volumes that add up to the UK’s bigges 
technical superstore, at the end of your ‘phone. 





More ... 
Hand tools, power tools, 

screwdrivers, wire cutters, drills, 
taps, workshop and machine tools 


To Order: Phone: 01536 204555 OR Fax: 
01536 405555 quoting your Access/Visa card 
number and expiry date. OR Write: Send written DO NOT SEND CASH OR CREDIT CARD. 
orders, accompanied by cheque, postal order or 

include your Access/Visa card number and Electromail (Dept EPE)PO Box 33, Corby, Northants. NN17 9EL. 
expiry date, ensuring that your order is signed. -RS, RS and Electromail are registered trademarks of 
Cheques and postal orders must be crossed and _ RS Components Lid. 

made payable to ELECTROMAIL. 
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01536 204555 FAX: 01536 40555 
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INTER FACE 


Robert Penfold 


[* LAST month's Interface article the 
basics of fibre-optic data links were 
discussed. This month we will look at 
a practical fibre-optic RS232C interface 


capable of operation at up to 19200 baud. — 


This system is a simple direct coupled 
type, and is not of the tone 
encoded/decoded variety. Consequently 
its range is not particularly large. 
However, I found that it was possible to 
obtain good results using a 10 metre 
length of fibre-optic cable, and this should 
be more than adequate for most purposes. 


Bright Lights 


The transmitter end of the system is really 
just an electronic switch driving a l.e.d. The 
transmitter circuit’ diagram is shown in 
Fig. 1. Transistor TR1 is a simple common 
emitter switching stage. It is driven by the 
serial input signal via the potential divider 
formed by resistors R1 and R2. 


D2 

SFH750 
R3 | 
68° 


Fig. 1. Circuit diagram for the transmit- 
ter section of the fibre-optic data link. 


When the input signal is high (at about 
+3V to +12V) TRI is biased hard into 
conduction, and it drives the l.e.d. (D2) by 
way of current limiting resistor R3. The 
“on” |.e.d. current is a little over 40mA, but 
the average current consumption of the 
circuit will normally be no more than about 
20mA. 

When the input signal is low (at about 
—3V to —12V) TRI is cut off, and it is 
protected against an excessive reverse base 
voltage by resistor R1 and diode D1. These 
limit the base voltage to about —0-7V. In- 
cidentally, the input should be low under 
standby conditions, which results in the cir- 
cuit having a negligible current consump- 
tion when it is not handling any data. 

The circuit will work on a 9V or 12V 
supply, but the value of resistor R3 must be 
altered to suit the higher supply voltage, 
and maintain an “on” current of about 40mA 
or so: Use a 180 ohm resistor for a 9V 
supply, or a 270 ohm resistor for a 12V 
supply. 

A direct coupled optical link is heavily 
dependent on a reasonable amount of light 
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from the transmitter reaching the photocell 
at the receiver. In order to achieve this, it is 
necessary to use a proper fibre-optic device 
at both ends of the system. Improvising 
with an ordinary l.e.d. and some Blu-Tack is 
unlikely to give usable results even over a 
range of a few millimetres! 

The specified l.e.d. is a visible red type 
having a moulded-in orifice to accept a 
standard 2:2mm diameter cable. The sys- 
tem should work using any similar fibre- 
optic l.e.d., but I have only tested it using 
the specified device. 


Seeing The Light 

The circuit for the receiver is shown in 
Fig. 2. The photocell is phototransistor TR1, 
and this a special fibre-optic type which has 
a moulded-in receptacle for the cable. It 


_ is used as what is effectively an emitter 


follower stage driving a common emitter 
switch, transistor TR2. 


+9 to +12V 


VR1 


47k 
R3 
a 


& TRI R2 
SFH350 10k 


IC1 = CA3140E -9 to-12V 





Fig. 2. Circuit diagram for the fibre- 
optic data link receiver. 


Under standby conditions TR1 passes 
only minute leakage currents. The emitter 
load resistor (R1) ensures that these currents 
are insufficient to even partially bias TR2 
into conduction. The pulses of light from the 
transmitter result in much greater leakage 
currents through TR1, causing TR2 to con- 
duct strongly. Op.amp ICI acts as a trigger 
circuit and level shifter. This gives an output 
signal that switches rapidly and cleanly at 
normal RS232C levels. 

For ICI to provide proper RS232C signal 
voltages it must have a negative supply of 
around —9V to —12V./In practice it may 
well be found that satisfactory results are 
obtained even if ICI pin 4 is simply con- 
nected to the O volt supply rail, especially if 
only a short cable is used to connect the 
receiver to the peripheral device. 

If dual supply operation proves to be 
necessary, the negative supply can be gener- 
ated from the positive supply using the cir- 
cuit of Fig. 3. Note that this circuit should 
not be used on a supply voltage of more 
than 10V. The receiver circuit only con- 
sumes about 3mA from each supply rail. 











Clear-Cut 

The correct cable to use with the SFH350 
phototransistor and SFH750 Le.d. is a single 
core type having an outer diameter. of 
2;2mm and an inner core Imm in diameter. 
A fibre-optic cable will only operate effi- 
ciently if both ends are properly prepared, 

Cables are not usually supplied with either 
end of the filament prepared and ready for 
use, and they are often very inefficient as 
supplied. The ends of the polymer. filament 
can be polished, but there seems to be no 
real need to do this. Provided the ends of 
the cable are cut neatly and cleanly at right 
angles the cable should provide high trans- 
mission efficiency. 

I find that the best way of doing this is to 
trim off the ends of the cable using a modell- 
ing knife fitted with a new blade. Place the 
end tobe trimmed on a cutting board, and 
then cut through the cable in one go using 
plenty of pressure (but taking due care to 
cut nothing other than the cable). Make sure 
that the cut is.at right angles to the cable. 
When both ends have been prepared, aim 
one end of the cable at a light source and 
check that plenty of light can be seen com- 
ing from the other end of the cable. 

The SFH350 and SFH750 have holes into 
which the cable must be pushed fully home. 
They do not require any of the cable’s outer 


sleeving to be removed. The cable is a: 


simple push-fit, and it pulls out again just as — 
easily as there is no form of built-in grip. 

It should not be too difficult to devise « 
a simple method of clamping the cable in| 
place so that it is not continually being» 
pulled out of the photocells, but be careful 
not to clamp it too tightly. Any damage to ‘ 
the polymer filament could seriously reduce | 
the efficiency of the ‘cable. Note that ‘the. 
clear casing of the SFH350 makes it sensi- . 
tive to any ambient light. It must therefore _ 
be shielded from any bright or sources. 


Adjustment | 


Preset potentiometer VR1 must + be given . 
a setting that will accurately retain the input - 
waveform at high baud rates. At these baud | 
rates, particularly 19200 baud, the collector 


IC1 
ICL7660 | , 


Fig. 3. Simple negati ve supply 
generator. 
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of transistor TR2 at the receiver switches 
relatively slowly from one level to the other. 

Probably the easiest method of setting 
VR1 is to first measure the positive supply 
voltage of the receiver circuit. Then at the 
transmitter circuit, temporarily connect the 
“TX” input to the +5V supply rail so that 
l.e.d. D2 switches on. 

Next measure the voltage at the collec- 
tor of phototransistors TR1. This should be 
about 5V or more below the positive sup- 
ply voltage. If the voltage drop is much less 
than this it is unlikely that the unit will work 
properly, especially at high baud rates. 

Preset VR1 should be adjusted for a wiper 
potential that is half way between this volt- 
age and the actual supply voltage. For ex- 
ample, if the voltage at the collector of TR2 
is 5-6V, and the measured supply potential 
was 11:8V, VRI should be adjusted for a 
wiper voltage of 8-7V (5-6V + 11:3V = 
17-4V, 17-4V divided by 2 = 8-7V). Al- 
ternatively, if a logic pulse generator and 
an oscilloscope are available, feed a 10kHz 
squarewave signal to the input of the trans- 
mitter, and then adjust VR1 for a 1-to-1 
squarewave output from the receiver. 


Handshaking 

A single fibre-optic data link is only 
suitable for one-way (simplex) operation, 
and it does not support any form of 
handshaking. If two-way operation is 
needed it is necessary to build two complete 
systems, one for communication in each 
direction. The two links must use separate 
optical cables. 

If handshaking is needed it is possible to 
accommodate it using additional links. This 
is not a particularly neat or cheap way of 


handling the problem though. Where pos- 
sible it is best to avoid handshaking al- 
together by using a low enough baud rate to 
ensure that the receiving device does not 
become overloaded with data. If some form 
of handshaking is essential, a two-way link 
and software handshaking may well be the 
simplest and most versatile solution. 


Projects that connect to the serial port of 


a computer can usually be relied upon to 


bring in a few letters from readers who are 
experiencing difficulty in getting the com- 
puter to output any data. The problem 
does not usually arise when the serial port 
hardware is being controlled directly, and it 
is mainly when data is sent to the port via 
the computer’s operating system that dif- 
ficulties occur. 


The important point to bear in mind here 


is that although your hardware add-on may . 


not be using any form of hardware hand- 
shaking, it is quite likely that the computer's 
operating system will be monitoring and 
responding to the handshake lines. This 
means that it is often necessary to activate a 
handshake input (i.e. take it high) before the 
computer will output any data. If the hand- 
shake output or outputs are not being used, 
these usually represent the most simple way 
of activating one or more handshake inputs. 


_ With the BBC computers, simply linking 


the two handshake lines enables data to be 
output from the RS423 port. With PCs the 
method of connection shown in Fig.4 should 
enable a flow of data from the port. In this 
case two sets of handshake lines must be 
linked (RTS to CTS, and DTR to DSR). 
Presumably the same general technique will 
work equally well with other computers. 


Beating Time 

A number of PC shareware companies are 
now distributing shareware and commercial 
demo disks that have a sort of built-in time- 
out function. The software works fine until 
a certain date is reached, and thereafter it 
refuses to run. Instead you simply get an 
on-screen message explaining that the disk 
is past its use-by date. This is fair enough, 
but many of these disks originate in the 
USA, and are near or past their expiry dates 
by the time they reach British users. 

Fortunately, with most of these disks 
there is.no difficulty in getting them to run 
so that you can try out the software. Simply 
using the computer's built-in setup program 
to set the clock/calendar back to a suitable 
date seems to do the trick. The pro- 


grams are probably reading the MS/DOS 


clock/calendar rather than directly accessing 
the hardware clock, so it would probably be 
possible to fool these programs into action 
simply by using the usual MS/DOS DATE 
command. 

Fibre-optic cable 2:2/1-Omm is available 
from Maplin (order code (XR56L). The 
SFH350 phototransistor and SFH750 l.e.d. 
are available from ElectroValue. 


(9.006¢ CN 
Li 
dG000000000086 


rm LLLELL 44 rrp 





Fig. 4. A method of connection that 
permits an easy flow of data from a PC 
serial port. 





A SAMPLING OSCILLOSCOPE AND 
LOGIC ANALYSER! 


IN AN AFFORDABLE PORTABLE PACKAGE 





IMHz analogue bandwidth 
0.2V-50V input range 
Various Triggering options 


Crisp, clear LCD screen 


@#eeeoeoed're080 © 


AU DON ELECTRONICS 
36 Attenborough Lane, Chilwell,Nottingham NG9 5JW 0602 259737 


10 Mega samples per second single channel DSO 


10 Mega samples per second 8 channel logic analyser 
SV TTL/4.5-15V CMOS logic level inputs 


Zoom and Scroll facilities iotlddeed ranges only) 
Battery or mains adapter powered 

12 Months Warranty (Built version only) 

”Get you working” service (kits only) | 
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Part T wo = 


Your home videos will take on a whole new meaning If you build these low 
cost modules. Professional presentations couldn’t be easier! 
You can tailor the controller to meet your own special needs and budget. 


_e Simple and Improved Faders e Horizontal and Vertical Wipers 


-e Video Enhancer e 4-Channel Audio Mixer 


-@ Audio Dynamic Noise Limiter e Systern PSU 


_AST month we dealt with simple video ; 


faders and also gave details for a. Video 
Enhancer to boost picture definition. 


_ This month we introduce the subject of. 


_ video wipers plus we describe the construc- 
* tion of'a simple 4-Channel Audio Mixer. 


Video wipers offer an interesting alterna- © 


. tive to faders. The two basic types of wiper 
- are the horizontal and vertical types. 


A-wiper operates on: the basis of having »« 
part of the screen showing a normal pic- — 
‘ture, and the other section completely 


blanked. The blanked part of the screen is 
normally black, but a wiper circuit could be 
designed to have the blanked area of screen 
white, or any shade of grey. The wipers 
featured here produce the usual black area 
of blanked screen. 

With a vertical. wiper the screen is 
progressively blanked from the top down- 
wards until all the visible part of the screen 


has been blanked. At the beginning of the. 


next scene the picture is restored from the 
bottom upwards. 


Most vertical wipers offer the alternative ” 


of blanking from the bottom upwards, and 
restoring the picture from the top down- 
wards. A horizontal wiper provides a side- 
to-side blanking and restoring action. 


“part of the 


HOW IT WORKS 


The block diagram of Fig. 9 helps to 
explain the way in which the Horizontal 
Wiper functions. This is similar in many 
respects to the Improved Fader circuit 
described last month, and the Horizontal 
Wiper has been developed from the Im- 
proved Fader circuit. 

The input signal is split two ways, with 
signal being fed to a 
synchronisation separator. This provides 


output pulses which trigger a monostable 
_at the beginning of each line synchronisa- 


tion pulse. 

The monostable has a variable output 
pulse duration, and it is the pulse length 
potentiometer that acts as the wiper con- 
trol. With the minimum pulse duration set, 
the pulse ends just as the luminance signal 
begins. With the maximum pulse duration 
set, the pulse finishes at the end of the 
current line scan. 

In the other signal path there is a d.c. 


restoration circuit, an electronic switch, 


and an output amplifier. The electronic 
switch is controlled by the monostable, and 
it permits the input signal to pass through 


‘to the output of the unit only during a 
pulse from the monostable. 


SYNC MONOSTABLE 


SEPARATOR 


D.C, ELECTRONIC 


RESTORATION 


AMPLIFIER 


SWITCH 





Fig. 9. Block diagram for a horizontal wiper. 
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The waveform of Fig.10a is a ‘section 
of the-input signal, and Fig. 10b is the 
processed output signal. Although there is 
a small gap between one pulse and the next, 
and a section of the signal is blanked, the 
missing section is very small. It does not 
carry any important picture information. | 

By shortening the pulse length slightly, 
the electronic switch is turned off just 
before the end of each line scan. This 
results in the extreme right hand section of 
the screen being blanked. If the monos- 
table’s pulse duration is set at about half its 
maximum length, the electronic switch will 
be turned off about half way through each’ 
line scan, and the right half of the screen. 
will be blanked. 

Reducing the pulse length to its mini- 
mum duration results in the switch being 
turned off just before the luminance sig- 
nal commences, and the entire screen is 
then blanked. Waveforms Fig. 11 and Fig. 
12. show the..way. in which . this . process 


-operates,. 


CIRCUIT DETAILS 


The full circuit diagram for-the Horizon- 
tal Video Wiper:is shown: in Fig. 13. 
This has obvious similarities' with the Im- 
proved. Wiper circuit, including .the same 
synchronisation separator circuit based on 
transistors TR1]‘and TR2. | 

This again drives a negative edge triggered 


-monostable based on a 4047BE (IC1), but 


the C/R timing network is different. Resistor 
R8 sets the minimum pulse duration at a 
suitable figure, and VR1 is the Wiper con-. 
trol. Resistor R9 and preset VR2 are con- 
nected in parallel with VR1, and VR2 is 
used to trim the maximum pulse duration to 
precisely the correct figure. 

The d.c. restoration, electronic switch, 
and output amplifier sections are also 
much the same as their equivalents in the 
Improved Fader circuit: The obvious dif- 
ference.is. that. the input.of.IC2b is simply 
wired to “earth”, (OV) rather than being 
fed an the input signal via a ‘“‘fader’’! 
potentiometer. The current consumption of 
the circuit is typically about 25mA. 
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Monostable Pulse Monostable Pulse 


HORIZONTAL WIPER 
Resistor 


R1,R19 470 (2 off) 
R2, R3, R10 47k (3 off) 
R4 18k 
R5,R7,R13,R15,R18 4k7 (5 off) 
R6, R9 33k (2 off) 
R8 5k6 

R11, R12 22k (2 off) 
R14 1k 


ee 
Fig. 10. With the maximum pulse length each line signal passes it “ es SHOP 


unprocessed. R20 68 
Monostable Pulse Monostable Pulse All 0:25% carbon film . LK 
age 
Potentiometers 
VR1 47k rotary carbon, linear 
VR2 100k min. preset, horizontal 


Capacitors 
Gi 220n polyester 
C2 10 radial elect. 25V 
C3 10n polyester 
C4 1n polyester 


| 
| 
| 
| | C5 100, radial elect. 
C6 100n ceramic 
| C7,C8,C9 100, radial elect. 10V (3 off) 
* | Semiconductors 


eh IC1 4047BE CMOS ti 
Fig. 11. The effect of the circuit with about half the maximum IC2 4016BE or 4066 BE CMOS 


pulse duration. analogue siwtch 


Monostable Pulse Monostable Pulse Monostable Pulse a TR3 BC557 pnp silicon transistor 
TR4,TR5 BC547 npn silicon transistor (4 off) 
D1, D2 1N4148 signal diode (2 off) 


Miscellaneous 
SK1,SK2 phono socket (2 off) 
Printed circuit board available from the EPE PCB 


Service, code 916; 14-pin i.c. holder (2 off); con- 
trol knob; connecting wire; single-sided solder pins; 
solder etc. 


Approx cost 
guidance only 


OUTPUT 





Fig. 13. Complete circuit diagram for the Horizontal Video Wiper. 
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CONSTRUCTION 


The printed circuit board (p.c.b.) com- 
ponent layout and full size underside cop- 
per foil design for the Horizontal Wiper is 
shown in Fig. 14. This board is available 
from the EPE PCB Service, code 916. 

As ICI and IC2 are CMOS integrated cir- 
cuits the normal anti-static handling precau- 
tions should be taken. Use holders for these 
two components, and do not plug them into 
the p.c.b. until the unit is complete. 

Do not overlook the two link-wires 
(below IC2). Construction of the board is 
perfectly straightforward in all other 
respects. The small amount of hard wiring 
is also clearly illustrated in Fig. 14. 


TESTING 


To test the unit connect it between the 
video output of a camcorder and the com- 
posite video input of a suitable television 
or monitor. Start with preset VR2 at a 
roughly middle setting. The unit should 
function more or less correctly, but VR2 
must be set so that none of the screen is 
blanked with Wipe control VRI at maxi- 
mum resistance. This is just a matter of 
setting VR1 at maximum resistance and 
adjusting VR2 for the correct picture. 

If VR2 is set too low in value (too far ina 
clockwise direction) the right hand section 
of the screen will be blanked. If it is set 
too high in value the beginnings of every 
other line scan will be blanked, probably 
resulting in a severe loss of picture stability. 
There should be a narrow range of in-be- 
tween settings that give the desired result. 

It is just possible that with VR1 at mini- 
mum resistance there will be a very nar- 
row band down the left hand side of the 
screen which is not blanked. Reducing the 





value of resistor R8 to 4k7 should cure this 
problem. 

If the monostable is set for the maximum 
pulse duration, the electronic switch is in 
the “on” state for what is virtually the 








General layout of video modules inside a rack-mounting case. 





whole of each line scan, and the input sig- 
nal is effectively passed though to the out- 
put without any processing. The television 
or monitor therefore shows an unblanked 
screen. Fig. 10 helps to explain this process. 





The completed Hozizontal Wiper circuit board. 


Fig. 14. Horizontal Wiper printed circuit board component layout, wiring and full size underside copper foil master track 
pattern. 
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VERTICAL 





Blanking the television or monitor screen using the 
“frame-by-frame” technique. 


VERTICAL wiper operates in a 

manner which is not dissimilar to a 

horizontal type, but there are some 
important differences between the two 
types of circuit. Fig. 15 shows the block 
diagram for the Vertical Wiper module. 

Like the Horizontal Wiper, this arrange- 
ment has part of the signal fed to a 
synchronisation separator, with the resul- 
tant output pulses driving a monostable 
multivibrator. This in turn controls an 
electronic switch. 

The synchronisation separator used in 
this application is different to the one 
used in the Horizontal Wiper. This cir- 
cuit must operate on a “frame-by-frame” 
basis, rather than using a line-by-line ap- 
proach. Accordingly, the synchronisation 
separator produces a trigger pulse for the 
monostable at the beginning of each frame 
synchronisation pulse. 


The pulse duration of the monostable | 


‘can be varied via a potentiometer, and this 
acts as the Wipe control. As the blanking 
process is being applied to frames rather 
than to lines, the maximum pulse duration 
is much longer in this application. It is 
approximately equal to the duration of one 
frame, or about 20ms in other words. 


ELECTRONIC 
SWITCH 


The electronic switch is a changeover 
type, and one input is fed with the full 
composite input via a d.c. restoration cir- 
cuit. The other input is fed via a luminance 
stripper circuit which removes the bright- 
ness modulation signal, but leaves the 
negative synchronisation pulses (both the 
frame and the line types). 

With the monostable set for its minimum 
pulse duration the full composite signal is 
only switched through to the output for the 
first few lines. As these are not displayed on 
a correctly adjusted television or monitor, 
this has no effect on the displayed picture. 
For the rest of each frame the luminance 
stripped signal is fed through to the out- 
put. This gives a blanked screen, but it con- 
tains the line synchronisation signals that 
are necessary to maintain a stable picture. 

As the monostable pulse duration is in- 
creased, more lines at the top of the screen 
have the luminance signal, and. the pic- 
ture is ‘“wiped’”’ onto the screen from the 
top downwards. With the maximum pulse 
duration only a few lines at the bottom of 
the screen are wiped. As these are not nor- 
mally displayed, a normal picture appears 
on the screen of the television or monitor. 
Gradually shortening the pulse duration of 
the monostable has the opposite effect, and 
‘“‘wipes”’ the picture from the screen. 


Although this setup “wipes” away the 
signal from the bottom upwards, and 
reintroduces it from the top downwards, it 
is easy to obtain the opposite effect. 


SYNC. 
SEPARATOR 


LUMINANCE 
STRIPPER 


Simply inverting the control signals to the 
electronic switch results in the picture being 
wiped from the top downwards, and 
reintroduced from the bottom upwards. 


MONOSTABLE 


ELECTRONIC 


D.C, 
RESTORATION 


SWITCH 


AMPLIFIER 





Fig. 15. The Vertical Wiper module block diagram. 


COMPONENTS 


VERTICAL WIPER 


Resistors 
R1 120 
R2 390 
R3,R4 47k (2 off) 
R5 18k 
R6, R8, R11, 
R12, R15, 
R17 4k7 (6 off) 
R7 10k 
R9 2k7 
R10 560k 
R13, R14 22k (2 off) 
R16 
R18 
R19 
R20 
R21 
R22 
All 0:25 5% carbon film 


Potentiometers 


VR1 470k rotary carbon, linear 
VR2,VR3 1Mmin. preset, 
horizontal (2 off) 


Capacitors 
iy | 220n polyester 
10p radial elect. 25V 
15n polyester 
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C4 1n polyester 
C5 22n polyester 
C6 100p radial elect. 16V 
C7 100n ceramic 
C8; C9, 
C10, C11 100p radial elect. 10V 
(4 off) 


Semiconductors 
IC1 4047BE CMOS timer 
iG2 4016BE or 4066BE CMOS 
analogue switch 
TR1 BC557 pnp silicon 


transistor 
TR2, TR3; -. 
TR4, TR5 BC547 npn silicon 
transistor (4 off) 
DE Dz, 
D3,D4 1N4148 signal diode 
(4 off) 
D5 OA91 germanium signal 
diode 


Miscellaneous 

S1 d.p.d.t. min. toggle 

switch 

SK1,SK2 phono socket (2 off) 

Printed circuit board avaiable from the 
EPE PCB Service, code 917; 14-pin i.c. 
holder (2 off); control knob; connect- 
ing wire; 1mm single-sided solder pins; 
solder etc. 
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CIRCUIT 
DESCRIPTION 


The full circuit diagram for the Vertical 
Wiper appears in Fig. 16. The synchronisa- 
tion separator circuit is based on transis- 
tor TRI and TR2. It is similar to the 
synchronisation separator used in the pre- 
vious two circuits, but it incorporates low- 
pass filtering (R7 and C3) so that it will 
only respond to signals of suitably long 
duration. In other words, it is activated by 
the frame pulses, but it will ignore the 
much shorter line synchronisation pulses. 

Once again, the monostable is a negative 
edge triggered type based on a CMOS 
4047BE. In this case the values in the 
C/R timing network have been chosen to 
give much longer pulse durations. Resistor 
R9 sets the minimum pulse duration at 
a suitable figure of about 150us. Poten- 
tiometer VR1 is the Wiper control, and this 
permits the pulse duration to be varied up 
to about 20ms. The series resistance of R10 
and preset VR2 is connected in parallel 
with VR1, and VR2 is adjusted to limit the 
maximum pulse duration to a suitable 
level. 

The electronic switch (IC2) is a change- 
over type, which is actually a pair of s.p.s.t. 
switches driven with anti-phase control sig- 
nals so that the required s.p.d.t. action is 
obtained. Switch S1 governs the phasing of 
the control signals to IC2, and enables the 
unit to be switched between wiping from 
the top of the screen downwards and the 
bottom of the screen upwards. 

One input of the electronic switch is fed 
with the normal composite signal via a 
simple d.c. restoration circuit based on 
diode D5. The other input is fed via a 
simple clipping circuit based on diodes D2 
to D4. 

This operates in the same manner as the 
basic Video Fader circuit described pre- 
viously. Preset VR3 is the “fader” con- 
trol, and in this application it is preset to 








Component layout on the completed Vertical Wiper p.c.b. 


give a fully faded signal, so that only the 


synchronisation pulses are passed through 


to IC2. 

Transistors TR3 to TRS are used in a 
buffer amplifier, at the output of the circuit. 
The current consumption of the circuit is 
typically a little under 25mA. 


CONSTRUCTION 


The printed circuit board (p.c.b.) com- 
ponent layout and underside copper foil 
master pattern for the Vertical Wiper 
module is shown in Fig. 17. This board is 
available from the EPE PCB Service, code 
917. 

Remember that IC] and IC2 are CMOS 
integrated circuits, and that they require 
the standard anti-static handling precau- 
tions. Also bear in mind that. the OA91 
(D5) is a germanium diode, and that a 
component of this type is more vulnerable 
to heat damage than the more familiar 
silicon semiconductors. 

It is not essential to use a heat-shunt 
when fitting D5, but the two soldered joints 
must be completed reasonably quickly. Do 
not omit the single link-wire just below D4 
and I[C2. 

The point-to-point wiring is also il- 


lustrated in Fig. 15. This is very straightfor- 


‘ward, and should give no problems. 


ADJUSTMENT 


Like the units described previously, test- 
ing and setting up this device is easiest if it 
is connected between a camcorder and a 
suitable television set or monitor. With pre- 
sets VR2 and VR3 set at roughly middle 
settings the unit should work to some de- 
gree. Preset VR3 should be adjusted for 
the lowest resistance that gives a properly 
“wiped” screen. In other words, it should 
be given the most clockwise setting that 
gives good results. 

Preset VR2 must be set for the lowest 
resistance that enables the full screen to be 
“wiped”. This should be carried out with 
switch S1 set for a “top downwards” wipe 
of the screen. If VR2 is set for too low a 
resistance it will not be possible to fully 
“wipe” the screen. 

If VR2 is set for an excessive resistance, 
with VR1 at around maximum resistance 
the screen blanking will only occur on every 
other frame, giving a very flickery picture. 
Finding the right setting for VR2 is a matter 
of first setting VR1 at maximum resistance, 
and then using a bit of trial and error. 


ASTB #TRIG Vpp R/COM 


IC1 
4047BE 


Cc 


OCS.OUT 


EX 
Vss RESET RE-TRI 


Fig. 16. Full circuit diagram for the Vertical Wiper module. 
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Dub a sound-track on your home videos. 


ITH most camcorders and video re- 
corders it is possible to do some 
doctoring of the sound when edit- 
ing tapes. This usually consists of mixing 
some background music with the original 
sound track, and possibly adding a com- 
mentary of some kind as well. 

An Audio Mixer is needed in order to 
accomplish this audio editing, but a sophis- 
ticated mixing desk is not needed. In fact a 
fairly basic mixer will handle the job very 
well. 

The audio mixer featured here is a simple 
four-input (channel) type having one 
microphone input and three high level 
inputs. The latter can be fed from sources 
such as a Compact Disc player, a Cassette 
Deck, and the Camcorder itself. 

The microphone input can be used with a 
low impedance (about 200ohms to one 






kilohm) dynamic microphone, or any 
microphone which has comparable output 
characteristics. This includes most electret 
type microphones. The microphone input 
is easily modified for operation with 
high impedance (about 20k to 50k) 
dynamic microphones, or microphones 
which provide a similar output level. 


STEREO 


Although the mixer was designed as a 
mono unit, it can be built as a stereo mixer. 
It is basically just a matter of building two 
mixer boards, one for use in each stereo 
channel. 

The “fader” potentiometers could then 
be dual-gang types so that the two chan- 
nels can be adjusted simultaneously. An 
arrangement preferred by many is to have 
individual slider controls for the two chan- 
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nels, with each pair mounted side-by-side. 
It is then easy to adjust the two channels 
simultaneously, but it is also possible to 
adjust them individually if some correction 
of the channel balance should be required. 


CIRCUIT 
DESCRIPTION 


The circuit is basically just a standard 
summing mode circuit. The complete cir- 
cuit diagram for the Four-Channel Audio 
Mixer is shown in Fig. 18. 

The low-noise j.f.e.t. input op.amp IC3 
is used as the basis of the mixer stage, 
and this is really a form of inverting mode 
amplifier. However, in this case there are 
four input resistors (R10 to R13), and the 
output of the circuit adjusts to balance the 
sum of the input voltages. 

This gives the required mixing action, 
and it also gives almost complete isola- 
tion between the inputs due to the “‘virtual 
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MIC INPUT 





Fig. 18. Complete circuit diagram for the 4-Channel Audio Mixer. The input/output sockets can be mono or jack types. 


earth” produced at the inverting input of 
IC3. This ensures that adjustments to the 
Fader control for one channel have no sig- 
nificant affect on the other three channels. 

Sockets SK2 to SK4 are the high level 
inputs, and these feed three inputs of the 
mixer via “fader” potentiometers (VR2 to 
VR4). The maximum gain from each high 
level input to the output is a little over 
unity. 

If necessary, slightly higher gain can be 
obtained by making resistor R16 slightly 
higher in value. The maximum voltage gain 
is actually equal to the value of R16 div- 

‘ided by 22k (the value of the input resis- 
tors). The input impedance at the high level 
inputs is around 15k. 


MICROPHONE 
PREAMPLIFIER 


The output level from a low impedance 
microphone is very low. In fact it is nor- 
mally well under one millivolt r.m.s., which 
is about one to two thousand times less 
than the signal from a high level source 
such as a compact disc player. A high gain 
preamplifier is therefore used to boost the 
microphone signal to a level which is com- 
parable to the signal level at the other in- 
puts. 

A very low noise bipolar operational 
amplifier, IC1, is used in the input stage of 
the preamplifier. This provides a much 
better signal to noise ratio than the stan- 
dard 741C, or even a low noise bifet device 
such as the LF351N. In fact it gives a noise 
level which is only about one tenth of that 
provided by a 741C. 

Good noise performance is important in 
an application such as this where very low 
input levels are involved. IC] operates in 
the inverting mode, and has a closed loop 
voltage gain of about 100 (40dB). Resistor 
R1 sets the input impedance at approxi- 
mately one kilohm (1k), which will give 
satisfactory results with any normal low 
impedance microphone. 

For operation with a high impedance 
microphone RI should be increased in 
value to 10k, and capacitor C2 should be 
reduced to 22. This will give a closed loop 
voltage gain of 10 (20dB) and an in- 
put impedance of about 10k. This should 
give good results with virtually any high 
impedance dynamic microphone, or an 
electret type which has a built-in step-up 
transformer. 

Further amplification is provided by 
IC2, and this is a non-inverting mode 
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circuit. It has a closed loop voltage gain of 
just under 20 (26dB), giving a total voltage 
gain of just under 2000 (66dB). This gives 
an output level of several hundred mil- 
livolts r.m.s. Potentiometer VRI1 is the 
Fader control for the microphone input. 

The output Level control VR5 would 
normally be set for maximum output. It 
provides an easy means of simultaneously 
fading al/ the input signals. The current 
consumption of the circuit is approxi- 
mately 9mA. 


CONSTRUCTION 


The printed circuit board (p.c.b.) com- 
ponent layout and full size underside cop- 
per foil maser pattern are shown in Fig. 19. 
This board is available from the EPE PCB 
Service, code 918. 


Ui /7 


AUDIO MIXER 


Resistors 
R1, R9 1k (2 off) 
R2, R3, 

R14,R15 33k (4 off) 
R4 100k 
R5 2k7 
R6, -R7, 
R10toR13 22k (6 off) 
R8 18k 
R16 27k 
All 0:25W 5% carbon film 


See 
SHOP 
TALK 


Page 


Potentiometers 
VR1 10k rotary carbon, log. 
VR2, VR3, 
VR4 22k rotary carbon, log. (3 off) 
VR5 4k7 rotary carbon, log. 


Capacitors | 
C1 100n radial elect. 16V' 
CZ ~ 22u radial elect. 16V 


None of the integrated circuits are static- 
sensitive, but the NE5534A used for IC1 is 
not a particularly cheap device. It is 
strongly recommended that an i.c. holder is 
used for this component, and it would be 
advisable to use holders for the other two 
integrated circuits as well. Fit single-sided 
pins to the board at the numerous points 
where connections to off-board com- 
ponents will be made. 

There is a substantial amount of hard 
wiring, and this is also illustrated in Fig. 
19. The wiring to socket SK 1 is very sensi- 
tive to stray pick up of mains “hum” and 
other electrical noise. Therefore, it is essen- 
tial to use a screened cable to connect SK1 
to the printed circuit board. 

The wiring from the other input sockets 
to their respective Fader potentiometers is 


Approx cost 
guidance only 


4u7 radial elect. 63v 
(3 off) 
47, radial elect. 16V 
C6, C8, C9, | 
C10 1pradial elect. 63V 
(4 off) 
C7,C12 10u10pradial elect. 25V 
(2 off) 


Integrated Circuits 
IC1 NE5534A low noise op.amp 
IC2,1C3 LF351N bifet op.amp 
(2 off) 


Miscellaneous 

Printed circuit board available from 
the EPE PCB Service, code 918; 8- 
pin i.c. holder (3 off); control knob 
(5 off); connecting wire; single-sided 
solder pins; solder etc. 
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Fig. 19. Audio Mixer printed circuit board component layout, wiring and full size copper foil master. 


The Audio Mixer input and output sockets are mounted on the rear panel of the 


case. 





Wiring to the Mixer module printed circuit board, using screened leads, can be séen 
in the right-hand corner of the metal case. 
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less prone to stray pick up, but it would 
still be advisable to use screened cables for 
these connections unless this wiring is very 
short. Similarly, screened cables should 
also be used to connect controls VR2, VR3, 
and VR4 to the p.c.b. unless this wiring is 
very short. 

Phono sockets are shown for SKI to 
SK5 in the wiring diagram Fig. 19, and 
this is the type of socket normally used for 
both the audio and video signals on 
amateur video equipment. However, it is 
obviously in order to use any type of 
audio connector which fits in well with 
your other equipment. For example, a 
3-5mm jack socket might be a_ better 
choice for SK1. 


TESTING 


When initially testing the mixer it is 
probably best to feed its output to the audio 
input of a television set or monitor. You 
can then feed signals to the inputs, and 
check that the various controls have the 
correct effect. 

When trying the microphone input 
remember that “‘howl-around”’ will almost 
certainly result if the microphone level 
control (VR1) is advanced too far. For this 
reason, when using the microphone input 
in earnest the audio output signal should 
not be monitored using a loudspeaker. It 
might be all right to monitor the signal 
using headphones, but even this can cause 
feedback problems. 


Next Month: We conclude with a 


Dynamic Noise Limiter and the System 
Power Supply module. 
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ELECTRONICS PRINCIPLES II | 





SOFTWARE 


from E.P.T. Educational Software ¢re:o376514008) 
If you are eB for a means of improving your knowledge of 


the basics o 


Electronics Principles II covers: 

* Insulators, Conductors, Resistance 
* D.C. Circuits 

* Capacitance and Inductance 

* A.C. Series Circuits 

* A.C. Parallel Circuits 

* Reactance and Impedance 

* A.C. and D.C. Power 

* Frequency and Tuned Circuits 

* Using Numbers 

* Complex Numbers, Phase Angles 
* P.N. Junction Diode 

* Transistors 

* Operational Amplifiers 

* Logic Gates 

* Digital Number Systems 

* Combinational Logic 

* Flip Flops 

* Counters and Shift Registers 

* Memory 


* Microcomputer operation micro-computer. 


electronics then this software is for you. 


Electronics Principles II is a major revision of the successful original 
version currently used by electronics hobbyists, schools, colleges, and 
for training within industry throughout the U.K. and overseas. Some 
of the modifications are as a result of feedback from teachers, but 
mostly the changes are due to making greater use of the available 
improvements in software development technology. Text has been 
removed from the screen and is now selected by the F1 key. This 
provides a larger screen area on which to develop the circuit diagrams 
and calculations, greatly improving the graphics presentation. 

The individual sub-menus are changed to selection buttons, this 
makes all those topics available within a module, clearly visible to 
the user. The layout of the calculations is considerably enhanced, 
firstly by providing the formulae used and secondly by showing the 
calculation steps, exactly as in a textbook; the advantage here being 
that you can input your own values. 

Mouse selection is improved by increasing the screen range over 
which the button may be clicked. There are several additional 
screens, developing further previous topics and a new program 
illustrating microprocessor registers and the operation of a 


Having reviewed a dozen, or more, educational software packages designed to “teach” electronics, | was more than a 
little sceptical when | first heard about Electronics Principles: there seemed to be little that could be done that has not 
been done elsewhere. When I started to use the package my views changed. Indeed, I was so impressed with it that I 


quickly came to the conclusion that Everyday with Practical Electronics readers should have an o 
package out for themselves!— MIKE TOOLEY B.A. Dean of Faculty 


of Technology, Brooklands Technical College 

Over 200 menu driven screens with interactive graphics 
enabling a learning by doing approach to encourage 
experimentation. 


Complete package Only £49.95 inc. VAT. 


ELECTRONICS P.C. TOOLBOX VERSION 2.0 © 


New extended and improved .version of the popular Toolbox 
software. Presents commonly used formulae in a way that makes 
calculations easier thus encouraging experimentation in circuit design. 

Covers D.C. Calculations from Ohm’s Law to Loading a Potential 
Divider; Further D.C. Calculations from Power Ratio Decibels to 
Kirchhoff’s Laws; A.C. Calculations from Average Peak Current to 
Filters and Admittance; Capacitance Calculations from values 
to RC Time Constants; Inductance Calculations from value to 
Selectivity; Binary Calculations from Addition to 2’s Complement; 
Numbers and Phase Angles from addition to Polar to Rectan- 
gular; Operational Amplifiers from Inverting Op-Amp to Op-Amp 


Differentiator. Only £19.95 inc. VAT 


FREE while stocks last each Toolbox Version 2.0 ordered will 
‘be supplied with two different EPE ‘Calculation Corner’ wall 
charts covering D.C. and A.C. Electricity. 


pportunity to try the 


Demonstration disk available 
Electronic Principles I], GCSE Maths 


or Mathematics Principles (state which) 
send £2 (Overseas orders send £3) 
— includes P&P 





GCSE MATHS 


A series of programs covering all the major topics 
required by the school syllabus. Designed to be 
user friendly enabling you to study or revise in 
what we believe is an interesting and enjoyable 
way. There are nearly one hundred and fifty menu 
driven screens with interactive graphics, enabling 
a ‘learning through doing’ approach to encourage 
experimentation. Now: being used in many schools 
throughout the U.K. j 

Overseas customers or for those with a general 
interest in maths order Mathematics Principles 


Only £49.95 inc. VAT for either package 


These programs require a PC (or fully compatible system) running DOS with an 80286 or better processor and VGA 
(ideally colour) graphics. In addition you must have a hard disk, a high density (1-44Mb) floppy drive and at least 
640K of RAM. We also recommend the use of a mouse. Site licences are available — please enquire. | 


Distributed by Direct Book Service, 33 Gravel Hill, Merley, Wimborne, Dorset BH21 1RW. (Mail Order Only). 
Add £1 per order for UK post and packing. Make cheques payable to Direct Book Service. 
Direct Book Service is a division of Wimborne Publishing Ltd. publishers of Everyday with Practical Electronics. 
Tel: 0202 881749. Fax: 0202 841692. 


Visa and Mastercard orders accepted (minimum credit card order £5) — please give card number, card expiry date and cardholders address if different 
to the delivery address. Orders are normally sent within seven days but please allow a maximum of 28 days — longer for overseas orders, 


OVERSEAS ORDERS: Add £2 postage for countries in the E.E.C. Overseas readers, outside the E.E.C. countries add £3 for airmail postage. 
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VIDEOS ON ELECTRONICS 








A range of videos designed to provide instruction on electronics theory. Each video gives a sound introduction and ground- 
ing in a specialised area of the subject. The tapes make learning both easier and more enjoyable than pure textbook or 


magazine study. They are proving particularly useful in school 


as to general hobbyists and those following distance learning 


VT201 to VT206 is a basic electronics course and is designed to be 
used as a complete series, if required. 


VT201 55 minutes. Part One; D.C. Circuits. This video is an absolute must for 
the beginner. Series circuits, parallel circuits, Ohms law, how to use the digital 
multimeter and much more. Order Code VT201 
VT202 62 minutes. Part Two; A.C. Circuits. This is your next step in under- 
standing the basics of electronics. You will learn about how coils, transformers, 
capacitors, etc are used in common circuits. Order Code VI202 
VT203 57 minutes. Part Three; Semiconductors. Gives you an exciting look 
into the world of semiconductors. With basic semiconductor theory. Plus 15 
different semiconductor devices explained. Order Code VT203 
VT204 56 minutes. Part Four; Power Supplies. Guides you step by step 
through different sections of a power supply. Order Code VT204 
VT205 57 minutes. Part Five; Amplifiers. Shows you how amplifiers work 
as you have never seen them before. Class A, class B, class C, op.amps. 
etc. Order Code VT205 
VT206 54 minutes. Part Six; Oscillators. Oscillators are found in both linear 
and digital circuits. Gives a good basic background in oscillator circuits. 

Order Code VT206 
By the time you have completed VT206 you have completed the basic elec- 
tronics course and should have a good understanding of the operation of basic 
circuit elements. 









VCR MAINTENANCE 


VT102 84 minutes: Introduction to VCR Repair. Warning, not for the 
beginner. Through the use of block diagrams this video will take you 
through the various circuits found in the NTSC VHS system. You will 
follow the signal from the input to the audio/video heads then from the 
heads back to the output. Order Code VT102 
VT103 32 minutes: A step-by-step easy to follow procedure for profes- 
sionally cleaning the tape path and replacing many of the belts in most 
VHS VCR’s. The viewer will also become familiar with the various parts 
found in the tape path. Order Code VT103 


















Each video uses a mixture of animated current flow in circuits plus 

text, plus cartoon instruction etc., and a very full commentary to get 

the points across. The tapes are imported by us and originate from 
VCR Educational Products Co, an American supplier. 

(All videos are to the UK PAL standard on VHS tapes) 






. colleges, training departments and electronics clubs as well 
courses etc. 


Now for the digital series of six videos. This series is designed to 
provide a good grounding in computer technology. 
VT301 54 minutes. Digital One; Gates begins with the basics as you learn 
about seven of the most common gates which are used in almost every digital 
circuit, plus Binary notation. Order Code VT301 
VT302 55 minutes. Digital Two; Flip Flops will further enhance your 
knowledge of. digital basics. You will learn about Octal and Hexadecimal 
notation groups, flip-flops, counters, etc. Order Code VI302 
VT303 54 minutes. Digital Three; Registers and Displays is your next step in 
obtaining a solid understanding of the basic circuits found in todays digital 
design. Gets into multiplexers, registers, display devices, etc. 

Order Code VT303 
VT304 59 minutes. Digital Four; DAC and ADC shows you how the computer 
is able to communicate with the real world. You will learn about digital to 
analogue and analogue to digital converter circuits. Order Code VI304 
VT305 56 minutes. Digital Five; Memory Devices introduces you to the tech- 
nology used in many of todays memory devices. You will learn all about ROM 
devices and then proceed into PROM, EPROM, EEPROM, SRAM, DRAM, and 
MBM devices. Order Code VT305 
VT306 56 minutes. Digital Six; The CPU gives you a thorough understanding 
in the basics of the central processing unit and the input/output circuits used to 
make the system work. Order Code VT306 


By now you should have a good understanding of computer technology and what 
makes computers work. This series is also invaluable to the computer technician 
to understand the basics and thus aid troubleshooting. 


VT401 61 minutes. A.M. Radio Theory. The most complete video ever produced 
on a.m. radio. Begins with the basics of a.m. transmission and proceeds to the five 
major stages of a.m. reception. Learn how the signal is detected, converted and 
reproduced. Also covers the Motorola C-QUAM a.m. stereo system, 
| Order Code VT401 
INKY VT402 58 minutes. F.M. Radio 1. F.M. basics including the functional 
blocks of a receiver. Plus r.f. amplifier, mixer oscillator, i.f. amplifier; limiter and 
fm. decoder stages of a typical f.m. receiver. Order Code VI402 
N10 VI403 58 minutes. F.M. Radio Part 2. A continuation of f.m. technol- 
ogy from Part 1. Begins with the detector stage output, proceeds to the 19kHz 
amplifier, frequency doubler, stereo demultiplexer and audio amplifier stages. Also 
covers RDS digital data encoding and decoding. Order Code VT403 
NW VT501 58 minutes. Fibre Optics. From the fundamentals of fibre optic 
technology through cable manufacture to connectors, transmitters and receivers. 
Order Code VT501 





ORDERING: Add £1 p&p per order for UK orders. OVERSEAS ORDERS: Add £2 postage for countries in the EEC. 
Overseas orders outside the EEC countries send £25.49 (price less VAT) plus £3 per tape airmail postage (or £5 per 
order surface mail postage). All payments in £ sterling only (send cheque or money order drawn on a UK bank). 


Visa and Mastercard orders accepted — pleae give card number, card expiry date and cardholder’s address if different from the delivery address. 
Orders are normally sent within seven days but please allow a maximum of 28 days — longer for overseas readers. 


Send your order to: Direct Book Service, 33 Gravel Hill, Merley, Wimborne, Dorset BH21 1RW (Mail Order Only) 


Direct Book Service is a division of Wimborne 


Publishing Ltd., Publishers of Everyday with Practical : 
Electronics, Tel: 0202 881749. Fax: 0202 841692 


CAI" 


each inc. VAT 
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HIS project was born out of the need 
to produce a simple but effective 
means of repelling some unwelcome 
visitors to the attic — the Mouse Family. 
Some people lay down poison and others 
set traps. Some are not so brave and wish 
the rotten rodents would go away with- 
out having to kill them. The idea of a 
poisoned animal wandering off and dying 
somewhere is repugnant to many people. 
Also, a trap sometimes leaves the 
terrified creature caught by the tail and 
releasing it can be a gruelling experience. 
Humane traps are available which catch 
the mouse alive but these would need to be 
checked regularly if the occupant is not 
going to starve to death — also, not 
everyone can pluck up the courage to carry 
the trap containing the terrified creature 
within to release it. 


PACK YOUR 


BAGS 


The Rodent Repeller will be found best 
at keeping mice away. However, it should 
also be successful at making the established 
“Mouse Family” pack their bags and seek 
hospitality elsewhere. It works by using 
a brilliant intermittent flashing light and 
a high-pitched whistle — a combination 
which frightens Ronald Rodent and family 
and deprives them of a good night’s sleep. 

Although not very suitable for the 
general living area of the house, it could be 
used there to keep mice at bay while away 
on holiday. It works well in cupboards, 
roof spaces and other dark places since 
then the light appears particularly bright. 
The flashing lamp and sounder operate 
together at varying intervals to keep Mr. 
Mouse on his toes — the effect is not truly 
random because the timing cycle repeats 
after three but these animals are not 
thought to be good at their arithmetic. 

The Rodent Repeller is mains-operated 
so may be left connected continuously for 
very little cost. Although in the prototype, 
the flashing light and audible warning 
device are part of the main unit, it would be 
a simple matter to mount them remotely on 
a subsidiary plastic box. 

It would then be possible to site the main 
‘section in a convenient location — possibly 
more accessible to the mains supply — so 
that it could be switched on and off as 
required. The inter-connecting wire could 
be of any light-duty twin type of any 
reasonable length. 
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Fig. 1. Block diagram of the Rodent Repeller. 


The light source is a xenon flash tube (of 
the type used in small photographic flash 
guns). This is part of a ready-made unit — 
a xenon beacon — which is often to be 
seen mounted on the external housings of 
burglar alarm sirens. A clear (uncoloured) 
beacon is best for this project. When ac- 
tivated, these devices flash between once 
and three times per second which makes 
them effective for the present purpose. 

The sounder is a piezo-electric buzzer. A 
high-pitched sounder is most effective and 


it should be chosen to be as loud as pos- 
sible. It is also important to use the correct 
type and more will be said about this later. 
The sounder specified in the components 
list will be found very suitable although 
other types could be tried. 

It is recommended that a frequency no 
lower than 2:4kHz is used — the higher the 
better. High-pitched sounds appear to be 
particularly annoying to mice. Also, high 
frequency sound does not “carry” very 
well to the human living area since it 
is easily absorbed by intervening objects. 


Fig. 2. Complete circuit diagram for the Rodent 
Repeller. } 
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This means that it will be very loud where 
the mice live, but less likely to disturb 
paying occupants some distance away. 

Although useful as a rodent repeller, this 
is a versatile circuit and some readers will, 
no doubt, find alternative uses for it. Other 
12V output devices could be connected, up 
to a total maximum loading of 250mA. 


BLOCK DIAGRAM 


The Rodent Repeller is illustrated in 
block diagram form in Fig. 1. The first 
section consists of a slow astable. This 
produces a regular chain of pulses at a 
rate of between one every 13 seconds 
and one every 22 minutes approximately, 
depending on adjustment and component 
tolerances. 

These pulses are applied to the second 
section which pseudo-randomizes them. 
New pulses are then delivered after a 
certain number of input pulses have been 
counted. These will be provided at twice, 
three times and five times the frequency of 
the astable. The cycle then repeats in- 
definitely. 

At minimum adjustment, therefore, there 
will be output pulses at intervals of 26, 39 
and 65 seconds approximately. At maxi- 
mum, the nominal timings will be 44, 66 
and 110 minutes. 

The next section is a monostable. The 
‘“randomized”’ pulses trigger this so that, 
with the arrival of each one, an output is 
provided of between five and 50 seconds 
duration, depending on the adjustment. 
This output operates the final part of 
the circuit which is a Darlington driver 
having sufficient current-handling capacity 
to power the piezo-sounder and xenon 
beacon. 


POWER SUPPLY 


The complete circuit diagram for the Ro- 
dent Repeller project is shown in Fig. 2. 
Power is derived from the 240V a.c. mains 
supply by a conventional arrangement of 
step-down transformer, T1, twin full-wave 
rectifier diodes, D1 and D2 and smoothing 
capacitor, Cl. There is a double-pole ON- 
OFF switch with integral neon indicator, 
S1, in the mains feed and fuses are included 
in both the mains circuit (FS1) and low- 
voltage section (FS2). 

Note that a 9V transformer is sufficient 
to provide a nominal 12V supply since 
capacitor Cl charges up to the peak voltage 


+VE REG 
OSC. REG 


IC1 
ZN1034E 


TRIG 
RC 


INT. CAL 


EXT. CAL 
GND 


The complete Rodent Repeller in its case. 


of the rectified waveform. This is ap- 
proximately 1-4 times the nominal output 
provided by the transformer secondary 
winding — giving 13V approximately. 

However, there is the forward voltage 
drop (0:7V approximately) across the rec- 
tifier diodes to take into account and an 
additional voltage drop caused when the 
load of the flashing beacon and sounder 
is applied. The specified audible warning 
device will operate over a wide voltage 
range and tests show that the xenon beacon 
will work on less than 10V so the operating 
voltage is not particularly critical. 


COUNTING 
PULSES | 


The astable section is centred on ICI — 
a ZN1034E precision timer integrated cir- 
cuit. IC1 differs from the common “555 
timer” type device by using digital tech- 
niques to allow a very slow pulse repetition 
frequency to be obtained without the need 
for high-value timing components which 
would be bulky and costly. 

With a supply connected to ICI pins 
4 and 5 through resistor R3, a precision 
2:6V output is produced by an on-chip 
regulator. This is available at pin 14. 

Capacitor C2 charges up from this preci- 
sion supply through preset potentiometer 


RESET 
Qo 


ENABLE GND 
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VRI1 and resistor R1. The time taken to do 
this is set by the values of VRI, RI, R2 
and C2. Thus, with Rl, R2 and C2 fixed in 
value, the rate at which C2 charges can be 
varied by adjustment to VR1I. 


As capacitor C2 charges, the voltage 
across it rises and, at a pre-determined 
threshold level, a count of one is clocked- 
up by an on-chip binary register. It then 
discharges to begin a further cycle. When 
4095 (2!2 — 1) counts have been registered, 
output pin 2 goes from low (OV) to high 
(+5V) and output pin | goes from high to 
low. This marks the end of the timing cycle. 


When this happens, the low state of pin | 
resets the ic. by taking pin 3 low via 
resistor R4. Timing begins once again 
and the cycle repeats as long as a sup- 
ply exists. Since precise timings are not 
required in this circuit, an inexpensive 
ceramic capacitor may be used in the C2 
position. Capacitor C3 is required for 
stable operation of the i.c. 

The randomizing section centres on 
decade counter IC2. This accepts pulses 
applied to its clock input, pin 14, these 
being derived from ICI output pin 2. 
However, these pulses are not of a sufficient 
voltage level to be used directly. This is 
because they arrive from IC] at +5V 
rather than at + 12V as required by IC2. 


IC 3 
1CM7555 


GND 





965 








The voltage is therefore amplified by ap- 
plying the pulses to the base of transistor 
TRI through current-limiting resistor RS. 
Thus, with the arrival of each pulse, the 


transistor switches on and its collector — - 


and hence IC2 clock input pin 14 — goes 
low. While the transistor is turned off, IC2 
pin 14 is held high (+ 12V) via resistor R6. 
Clock inut pin 14 is therefore pulsed be- 
tween long high and short low states. 

IC2 has ten fully decoded outputs 0 to 9. 
With the arrival of positive-going pulses at 
pin 14, each of the outputs goes high in 
turn. When all outputs have cycled, the 
‘chip automatically begins counting again 
form zero. 


KEEP ‘EM 
GUESSING 


When any of the connected outputs, QO, 
Q1, Q3, Q4 or Q8, goes high, current is 
directed through one of the diodes D3 to 
D7 as appropriate and flows through cur- 
rent-limiting resistor, R8, to the base of 
transistor TR2. The transistor will there- 
fore turn on at varying time intervals. 
Note, however, that there is no further 
effect if TR2 base remains high, only if it 
goes low before becoming high again. The 
outcome is that the collector of transistor 
TR2 goes low successively at twice, three 
times and five times the basic clock fre- 
quency. 

If, for example, VR1 is adjusted so that 
IC1 produces 10-minute pulses, then TR2 
will turn on at 20, 30 and 50 minutes 
then repeat — good enough to keep Mr. 
Mouse guessing. This particular arrange- 
ment of used IC2 outputs gives good 
results with the prototype but other com- 
binations could be tried if desired. 

The low transitions occurring at TR2 
collector are applied, via capacitor C5, to 


the monostable circuit centred on IC3. 
Thus, when trigger input pin 2 goes low, 
output pin 3 goes high for a _ time 
determined by the values of preset poten- 
tiometer VR2, resistor R11 and capacitor 
C6. The output then reverts to a low level. 

Adjustment to the timing is provided by 
VR2 and with the specified values this will lie 
between about five and 50 seconds. It could 
be easily extended by increasing the value of 
resistor R11 or capacitor C6 if required. 

It is a characteristic of this type of timer 
that a low pulse is required at the trigger 
input rather than a high one. IC3 Pin 2 is 
normally held high through resistor R10 
and this prevents false triggering. Between 
pulses, capacitor C5 discharges rapidly 
through resistors R9 and R10, ready for 
further operation. 

While high, IC3 output pin 3 directs 
current to the base of Darlington transis- 
tor TR3 through current-limiting resistor 
R12. Collector current then flows through 
audible warning device WD1 and xenon 
beacon LP1 connected in parallel. 

A Darlington device consists of two 
interconnected transistors in the same 
package. It is equivalent to a single 
transistor with a high input impedance and 
an exceptionally high current gain. Thus, a 
very small base current is sufficient to 
provide a large collector output. 

Note that TR3 is amply-rated to drive 
the specified AWD and xenon lamp and 
does not require a heat sink. Diode D8 is 
included as a precaution in case an 
inductive load, such as a relay, is ever 
connected to the output. If this were done, 
the collapse of the magnetic field on 
switching off could generate a high-voltage 
pulse which could damage semiconductor 
components in the circuit. Certain types of 
audible warning device could have a 
similar effect. 


OUTPUT 
+» WO1/LP1 








MAINS POWER 


Important Safety Warning: Construction 
of this project. involves making mains con- 
nections. It is therefore essential for any 
reader who is not certain of being able to 
make a safe job to seek professional advice. 
Before removing the lid of the case to make 
adjustments to the timings or for any other 
reason, the unit must first be unplugged from 
the mains. 

The Rodent Repeller is designed to be 
plugged into a standard mains wall socket. 
It should not be permanently wired-in. 
Note also that the completed project must 
be housed in an earthed metal box 
and. correctly fused in both transformer 
primary and secondary circuits as indi- 
cated. 

It is important to use a good quality trans- 
former of adequate current rating (see com- 
ponents list). This will remain cool in opera- 
tion and be suitable for continuous use. 

Some cheap transformers have an exces- 
sive off-load voltage. The theory is that the 
voltage drops to the nominal value when a 
full load is applied. These transformers 
should be avoided in this application since, 
between operations of the beacon and 
sounder, very little current is drawn from 
the transformer — that is, it is almost 
off-load. The output voltage could then be 
sufficiently high to cause damage to the 
circuit. 


CONSTRUCTION 


One further practical point is that the 
chosen sounder must be of the type with 
internal drive circuitry. Other types will not 
work. The correct type will be described as 
being suitable for 12V d.c. operation (or a 
range of d.c. voltages spanning 12V). 

Most of the components for the Rodent 
Repeller are mounted on a single-sided 


Fig. 3. Printed circuit board component layout and full size copper foil master track pattern. 
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T1 


SECONDARY 


printed circuit board (p.c.b.). A full-size 
copper foil master track pattern and com- 
ponent layout details are shown in Fig. 3. 
This board is available from the EPE PCB 
Service, code 913. 

Begin construction by drilling the three 
mounting holes in the circuit board, 2mm 
in diameter, at the positions indicated. The 
recommended assembly order is as fol- 
lows. Firstly, solder in the three i.c. sock- 
ets followed by resistors, non-electrolytic 
capacitors (C2 to C5) and diodes — all 
mounted flat to the board. Next, mount 
the transistors and the two preset poten- 
tiometers. Finally, solder in electrolytic 
capacitors Cl and C6. Take particular care 
over the polarity of the diodes, transistors 
and electrolytic capacitors. 

Adjust the presets fully anti-clockwise (as 
viewed from the top edge of the circuit 
board) — this will provide the shortest 
timings which will be convenient for testing 
purposes. Solder a temporary wire 10cm 
long to either position labelled ““T1 sec’’ on 
the circuit board and a similar piece of wire 
to the position marked ““FS2”. Solder two 
further pieces of wire to the output pads 
and secure the two-section piece of screw 
terminal block to the free ends of these. 

The terminal block will eventually be 
used for the sounder and beacon connec- 
tions. However, it is better if a small 12V 
bulb (an MES type of 2:2W rating in a 
suitable lamp holder for example) is used 
for the moment. It is then possible to 
test the p.c.b. using a 9V or 12V bat- 
tery without the encumbrance of having 
to observe mains safety precautions. Any 
small problems may then be solved before 
attending to the mains-operated section. 

A PP3 battery is not really up to this job. 
It would be better to use a PP9 type or, 
perhaps, six ““AA” size cells in a suitable 
battery holder. 


OUTPUT 


T1 SEC 
LINK WIRE 





Fig. 5. Alternative transformer wiring. 


Insert the i.c.s into their sockets taking 
care over the orientation. Since these are 
all CMOS devices, they could possibly be 
damaged by excessive static charge which 
might exist on the body. It would there- 
fore be wise to touch something which is 
earthed, for example, a water tap, before 
removing them from their packaging and 
touching the pins. 

Now, using crocodile clips or other reli- 
able method, connect the battery negative 
terminal to the wire leading to the position 
marked ‘‘FS2” on the circuit board. Con- 
nect the positive terminal to the wire lead- 
ing to diode D1 or D2. IC3 often triggers 
when power is first applied so the lamp will 
probably come on immediately and go off a 
few seconds later. 

Leave the battery connected and check 
that the light operates at roughly the cor- 
rect time intervals. As a guide these will be 
26, 39 and 65 seconds, then repeat. Note 
that on powering-up, IC2 may begin with 
any one of its outputs high so the cycle 
may not begin as expected. If the circuit 
operates correctly in this basic test, atten- 
tion may be given to preparing the case for 
the printed circuit board and other internal 
components. 
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JUST IN CASE 


Prepare the box by drilling three holes in 
the base section to correspond with those 
already made in the circuit board. Drill 
holes also for transformer T1, chassis fuse 
holder FS2, and a further one of sufficient 


diameter to accommodate the strain relief - 


bush to be used on the mains input lead. 
Drill holes in the top section of the case for 
on-off switch $1, panel fuse holder FS1 and 
terminal block TB1 mounting (see photo- 
graph). 

Further holes will need to be drilled in 
the top of the case to mount the sounder 
and xenon beacon, depending on the type. 
Holes will also be needed for their connect- 
ing wires to pass through. If these com- 
ponents are to be mounted remotely, a hole 
will be needed for a small socket (for ex- 
ample, a 3-‘Smm mono jack-type socket) to 
enable them to be connected through a 
matching plug and length of twin wire. 


TRANSFORMER 
MOUNTING 


Mount the mains transformer (only 
loosely at the moment if the connections are 
difficult to reach with the soldering iron) 
noting the solder tag at one of its fixings. 
This will be used for earthing the case and 
transformer core and is essential for safety 
reasons. It will probably be necessary to 
de-solder the temporary wires which were 
previously connected to the circuit panel for 
testing purposes. However, those connected 
to the output pads will be used. 

Make the three connections from the 
circuit board to the transformer secondary. 
If the transformer is of the type having a 
“QV-0V-9V” secondary (sometimes called 
a centre-tapped secondary), proceed by 
referring to Fig, 4. Here, the transformer is 
shown having three secondary wires, or 
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tags. These may be marked “9V, OV, 9V” 
or similar. If coloured, there may be two 
white ones and one black. The two of 
similar colour will be the 9V connections 
and should be connected as such to the “T1 
secondary” positions on the circuit board. 
The black wire is the OV one and is 
connected to fuse FS2. 


COMPONENTS 


Resistors See 


10k (3 off) SHOP 
680 TALK 

Page 
100k (3 off) 


47k (3 off) 
4k7 
All 0:-25W 5% carbon film or better 


Potentiometers 
VR1,VR2 1M vertical sub-min. 
preset (2 off) 


Capacitors 
oy 2200p 25V radial elect. 25V 
C2 220n disc ceramic 
C3, C4, 
C5 100n disc ceramic (3 off) 
C6 47 u radial elect. 25V 


Semiconductors 
IC1 ZN1034E precision timer 
iCZ 4017 decade counter 
IC3 ICM7555 CMOS timer 
D1,D2, 
D8 1N4001 50V 1A rectfier 
diode (3 off) 
D3toD7 1N4148 signal diode 
(5 off) 
TR1,TR2 ZTX300 npntransistor 
(2 off) 
TR3 TIP120 (or TIP121 or 
TIP122) npn Darlington 
transistor 


Miscellaneous 

miniature transformer with 
240V primary and 
9V-OV-9V (or twin 9V 
secondaries) 250mA 
minimum 

d.p.s.t. rocker switch with 
1A minimum mains-rated 
contacts and integral neon 
indicator 

20mm panel fuse holder 
with 1A or 500mA ceramic 
mains fuse to fit 

20mm chassis fuse holder 
with 500mA glass fuse to 
fit | 

2A screw terminal block — 2 
sections required 

12V piezo sounder suitable 
for 10V to 12V operation, 
3kHz operation and 
103dB output at 1 metre 

clear xenon beacon (burglar 
alarm type) —12V 
operation up to 200mA 
rating — see text. 

Printed cricuit board avaiable from 
EPE PCB Service, code 913; aluminium 
box size 155mm x 105mm x 45mm; 8- 
pin d.i.l. socket; 14-pin d.i.l. socket; 
16-pin d.i.l. socket; 3-5mm jack plug 
and socket (see text); 3-core 3A mains 
wire; strain relief bush, rubber grommets 
(2 off); heat shrinkable sleeving, cable 
ties, solder tags (2 off), nuts, bolts, 
connecting wire, solder, etc. 


LI™I 


Approx cost 
guidance only 
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If the transformer has twin 9V secon- 
daries, follow Fig. 5. Again, it will be clear 
either by colour-coding or printing on the 
body which wire or tag is which. It will be 
seen in Fig. 5 that one of the OV wires and 
one of the 9V ones are linked together to 
form the new “OV” line which connects to 
FS2. The 9V wire or tag left over together 
with its OV counterpart are connected to 
the ““T1 sec” positions on the circuit board 
(either way round). 


INTERWIRING 


Referring back to Fig. 4, mount all 
remaining internal components including 
the circuit board itself. This should be 
attached using small fixings through the 
holes already drilled for the purpose. Use 
5mm long plastic stand-off insulators on 
the bolt shanks — these should ensure that 
all connections on the copper track side 
remain clear of the metal-work. If neces- 
sary, place a piece of thick cardboard 
between the p.c.b. and the bottom of the 
case as an additional precaution. 

Attach the sounder and xenon beacon. 
Connecting wires passing through the box 
must be protected using a rubber grommet. 
Note the solder tag at one of WD1 fixings. 
This will be used to provide reliable earth- 
ing of the case top section. If this position 
is not convenient, a small hole should be 
drilled elsewhere in the top section and the 
solder tag secured with a small fixing. 

Complete the internal wiring apart from 
the mains input lead. Use a piece of mains- 
type wire to interconnect the solder tags in 


. the base and top sections of the case. Note 


that all wiring shown drawn in thicker lines 
in Fig. 4 must be mains type of 3A rating 
minimum. 

If the transformer has exposed primary 
tags, make a cardboard or plastic shield for 
these. Transformers having ‘‘flying lead” 
connections, of course, do not need this. 
Heat-shrinkable sleeving should be used 
to insulate the connections at the on-off 
switch S1 and fuseholder FS1. 


MAING LEAD 


_ Make up the mains input lead using a 
sufficient length of 3-core mains-type wire 
of 3A rating minimum. Fit a standard 
mains plug on the end and insert a 2A fuse. 
Pass the other end through the strain relief 
grommet and secure it. Complete the mains 
wiring using more heat shrinkable sleeving 
to insulate otherwise exposed connections. 
Make certain that all connections are secure 
and cannot pull free in service. 


The wiring may be tidied up by group- 
ing wires into bundles and using cable ties _ 
or spiral wire wrap on them. Tighten the — 
transformer fixings firmly. Insert a 5|00mA’ 
glass fuse in the chassis fuse holder (FS2) 
and a 500mA or 1A mains-type ceramic 
fuse in the panel fuseholder (FS1). Note 
that glass fuses are not suitable for direct 
mains use. 


ADJUSTMENT 
AND TESTING 


It is probably best to continue using the 
small lamp already connected to terminal 
TB1 until the unit has been tested on the 
mains supply and to enable the operat- 
ing times to be set conveniently. Pass the 
lamp holder wires through one of the holes 
which have already been drilled for the 
beacon or buzzer wires so that testing may 
be undertaken with the lid of the case in 
position. 

Plug in. the unit, switch on and check 
for correct operation. If all is well, adjust 
the preset potentiometers clockwise for the 
required delays and operating time. This 
could be the subject of experiment over the 
next few days. Setting the wiper of preset 
potentiometer VR1 to approximately mid- 
track position should provide a basic clock 
rate of about one pulse every 10 minutes so 
the lamp will operate at 20, 30 and 50 
minutes then repeat. This is just a guide 
and the actual timings will depend to some 
extent on component tolerances. 

With VR2 adjusted to mid-track posi- 
tion, an operating time (beacon and 
sounder on time) of some 30 seconds would 
be expected. However, the actual value of 
capacitor C6 is often higher than its 
nominal value so the timing is likely to be 
rather longer than that calaculated. When 
the timings are set to satisfaction, the test 
lamp may be removed and the beacon and 
buzzer connected to terminal TB1 with the 
correct polarity. 


FLASH LIFE 


The rated life of the flash tube is approxi- 
mately one million operations. Taking into 
account the fact that the unit operates only 
intermittently, the service life of the xenon 
beacon will be in excess of 12 months. Since 
it is unlikely that the unit will be used for 
more than a few weeks in the year, the 
potential life will be several years. 

Experiment to find the best position for 
the unit — near where the Mouse Family 
nest and forage. Goodbye Mr. Mouse! (1 
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POWERFUL SCHEMATIC CAPTURE, 
PCB DESIGN AND AUTOROUTING 
ALL FOR JUST £395... 


PROPAK AR for DOS provides all the features you need to create complex PCB designs quickly 
and easily. Draw the circuit diagram using the powerful facilities of ISIS DESIGNER+ and then netlist 
into ARES AUTOROUTE for placement, autorouting and tidy up. Advanced real time design rule 
checks guarantee that the final PCB will correspond exactly with the schematic thus saving you from 
costly layout errors and time consuming debugging. 


Attractive, easy to use graphical interface. 
Object oriented schematic editor with automatic wire routing, 
dot placement and mouse driven place/edit/move/delete. 
Netlist generation for most popular CAD software. 
Bill of Materials and Electrical Rules Check reports. 
Two schemes for hierarchical design. 
Automatic component annotation and packaging. 
Comprehensive device libraries and package libraries 
including both through hole and SMT parts. 
User definable snap grids (imperial and metric) and Real 
Time Snap to deal with tricky SMT spacings. 
Manual route editing features include Auto Track Necking, 
Topological editing and Curved tracks. 
Autorouting for single, double and multi-layer boards. 
Non autorouting PROPAK is available for just £250 if you do 
not need or want the router. 

ra Full connectivity and design rule checking. 

b a Power plane generator with thermal relief necking. 
DIODE 30 | Graphics support to 800x600 Super VGA. 
fo I Output to dot matrix and laser printers, HP and Houston 
Ch ALD C1 ROMEANECRE SECM ERATE REAM 1ERESEGIE plotters, Postscript devices, Gerber and Excellon NC 

machines plus DXF and other DTP file formats. 



















CADPAK 
Two Programs for the Price of One 


ISIS ILLUSTRATOR 
Schematic Drawing for Windows 












ISIS SUPERSKETCH 
A superb schematic drawing program 
for DOS offering Wire Autorouting, 
Auto Dot Placement, full component 
libraries, export to DTP and much more. 






Exceptionally easy and quick to use. For example, you 
can place a wire with just two mouse clicks - the wire 
autorouter does the rest. 














Running under Windows 3.1, ISIS ILLUSTRATOR lets 
you create presentation quality schematic drawings like 
you see in the magazines. Furthermore, when the 
drawing is done, transferring it to another document is 
just a matter of pasting it through the Clipboard. 









PCB Il 
High performance yet easy to use manual PCB layout 
package. Many advanced features including curved tracks, 

~auto track necking, DXF export, Gerber and NC file 

generation, Gerber viewing and more. 








Alan Chadwick writing in ETI (January 94) concluded... 
"At £79 I thought this was an excellent buy." 


qbcenter 


Eflectronieoce=s 


Now used by a number of prominent technical authors to 
illustrate their latest books and magazine articles. 











Call us today on 0756 753440 or fax 
0756 752857 for a demo pack - state 
DOS or Windows. Multi-copy and 
educational discounts available. 


WE HAVE MOVED - NOTE NEW ADDRESS 4, rrces oxcude pip (E5 for UK) ang val: 


53-55 Main St, Grassington, North Yorks. BD23 5AA. 
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£1 BARGAIN PACKS 


- List 1 





1,000 items appear in our Bargain Packs List — 
request one of these when you next order. 


1x 12V Stepper Motor. 7-5 degree. Order Ref: 910. 
1x 10 pack Screwdrivers. Order Ref: 909. 
2x 5 amp Pull Cord Ceiling Switches. Brown. Order 
Ref: 921. 
5 x reels Insulation Tape. Order Ref: 911. 
4x 14mm Bull-races. Order Ref: 912. 
2 x Cord Grip Switch Lamp Holders. Order Ref: 913. 
1 x DC Voltage Reducer. 12V-6V. Order Ref: 916. 
1x 10 amp 40V Bridge Rectifier. Order Ref: 889. 
Lightweight Stereo Headphones. Moving coil so 
superior sound. Order Ref: 896. 
2 x 25W Crossovers. For 4ohm loudspeakers. Order 
Ref: 22. 
. 2x NiCad Constant Current Chargers. Easily adapt- 
able to charge almost any NiCad battery. Order Ref: 
30. 
18V-0-18V 10VA mains transformer. Order Ref: 813. 
2 x White Plastic Boxes. With lids, approx. 3” cube. 
Lid has square hole through the centre so these are 
ideal for light operated switch. Order Ref: 132. 
2 x Reed Relay Kits. You get 8 reed switches and 2 
coil sets. Order Ref: 148. 
12V-0-12V 6VA mains transformer, p.c.b. mounting. 
‘Order Ref: 938. 
1 x Big Pull Solenoid. Mains operated. Has 12” pull. 
Order Ref: 871. 
1 x Big Push Solenoid. Mains operated. Has 2” push. 
Order Ref: 872. 
1 x Mini Mono Amp. 3W into 4 ohm speaker or 1W into 
8 ohm. Order Ref: 495. 
1 x Mini Stereo 1W Amp. Order Ref:870. 
15V DC 150mA p.s.u., nicely cased. Order Ref: 942. 
1 x In-Flight Stereo Unit is a stereo amp. Has two most 
useful mini moving coil speakers. Made for BOAC 
passengers. Order Ref: 29. 
1 x 0-1mA Panel Meter. Full vision fact 70mm square. 
Scaled 0-100. Order Ref: 756. 
2 x Lithium Batteries. 2-5V penlight size. Order Ref: 
874. 
2 x 3m Telephone Leads. With BT flat plug. Ideal for 
‘phone extensions, fax, etc. Order Ref: 552. 
1 x 12V Solenoid. Has good %” pull or could push if 
modified. Order Ref: 232. 
4 x In-Flex Switches. With neon on/off lights, saves 
leaving things switched on. Order Ref: 7. 
2 x 6V 1A Mains Transformers. Upright mounting with 
fixing clamps. Order Ref: 9. 
2 x Humidity Switches. As the air becomes damper, 
the membrane stretches and operates a micro switch. 
Order Ref: 32. 
5 x 13A Rocker Switch. Three tags so on/off, or 
changeover with centre off. Order Ref: 42. 
Mini Cassette Motor, 9V. Order Ref: 944. 
1 x Suck or Blow-Operated Pressure Switch. Or it can 
be operated by any low pressure variation such as 
water level in tanks. Order Ref: 67. 
1 x 6V 750mA Power Supply. Nicely cased with mains 
input and 6V output lead. Order Ref: 103A. 
2 x Stripper Boards. Each contains a 400V 2A bridge 
rectifier and 14 other diodes and rectifiers as well as 
dozens of condénsers, etc. Order Ref: 120. 
12 Very Fine Drills. For PCB boards etc. Normal cost 
about 80p each. Order Ref: 128. 
5 x Motors for Model Aeroplanes. Spin to start so 
needs no switch. Order Ref: 134. 
6 x Microphone Inserts. Magnetic 400 ohm, also act 
as speakers. Order Ref: 139. 
6 x Neon Indicators. In panel mounting holders with 
lens. Order Ref: 180. 
1 x In-Flex Simmerstat. Keeps your soldering iron etc 
always at the ready. Order Ref:196. 
1 x Mains Solenoid. Very Powerful as 2” pull, or 
could push if modified. Order Ref: 199. 
1 x Electric Clock. Mains operated. Put this in a box 
and you need never be late. Order Ref: 211. 
4x 12V Alarms. Makes a noise about as loud as a car 
horn. All brand new. Order Ref: 221. 
2 x (6” x 4”) Speakers. 16 ohm 5 watts, so can be 
joined in parallel to make a high wattage column. 
Order Ref: 243. 
1 x Panostat. Controls output of boiling ring from 
simmer up to boil. Order Ref: 252. 
2 x Oblong Push Switches. For bell or chimes, these 
can switch mains up to 5A so could be foot switch if 
fitted in pattress. Order Ref: 263. 
50 x Mixed Silicon Diodes. Order Ref: 293. 
1 x 6 Digit Mains Operated Counter. Standard size but 
counts in even numbers. Order Ref: 28. 
2 x 6V Operated Reed Relays. One normally on, other 
normally closed. Order Ref: 48. 
1 x Cabinet Lock. With two keys. Order Ref: 55. 
6% 82 5 Watt Speaker. Order Ref: 824. 
1 x Shaded Pole Mains Motor. *%” stack, so quite 
powerful. Order Ref: 85. 
2 x 5 Aluminium Fan Blades. Could be fitted to the 
above motor. Order Ref: 86. 
1x Case, 3% x 2% x 1% with 13A socket pins. Order 
Ref: 845. 
2 x Cases. 2% x 2% x 1% with 13A pins. Order Ref: 
565. 
4x Luminous Rocker Switches. 10A mains. Order Ref: 
793. 
4 x Different Standard V3 Micro Switches. Order Ref: 
340. 
4x Different Sub Min Micro Switches. Order Ref: 313. 
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MULTI TESTER. 19 range, ex-British Telecom, recondi- 
tioned. These measure AC and DC volts, DC milliamps 
and have 3 resistance ranges made to BT specification 
and 20,000 opv movement. Complete with test prods, 
£8.50, Order Ref: 8.5P3. Carrying case with handle £2 
extra. 

FIELD TELEPHONES. Ex-GPO, reconditioned, just join 
together with almost any length twin wire, £15 each, 
Order Ref: 15P62. : 

HEAVY DUTY TIME SWITCH (Smiths). Will switch on up 
to 100A, ex-electricity board, reconditioned, £10, Order 
Ref: 10P 14. 

TIME ON SWITCH. Can be set anywhere from 0 to 90 
mins. with calibrated knobs, £2, Order Ref: 2P158. 
FLASHING BEACON. Ideal for putting on a van, a tractor 
or any vehicle that should always be seen. Uses a 
XENON tube and has an amber coloured dome. Separate 
fixing base is included so unit can be put away if 
desirable. Price £10, Order Ref: 10P123. 

‘ard HORSE POWER 12V MOTOR (Sinclair C5) £29.50, 
Order Ref: 29.5P1. 

SPEED CONTROLLER Suitable for the C5 or other DC 12V 
motor. Complete kit £18, Order Ref: 18P8, already made 
£29.50, Order Ref: 29.5P2. 

LEAD LAMP. Ideal for motorists, normal handgrip and 
hanging hook, takes 60W bulb protected by glass cover, £4, 
Order Ref: 4P31. 

POWER UNIT. Ideal model controller. Mains operated, to- 
tally enclosed so safe. Control arm reverses the polarity 
and varies the voltage from 6V to 8V to 10V to 12V DC. 
Price £2, Order Ref: 2P3. 

WATERPROOF HEATING WIRE. Nicrome element sur- 
rounded by PVC casing. Ideal for putting around pipes to 
stop them freezing. 15m, the right length for mains 
working, £5, Order Ref: 15P109. 

ULTRASONIC CAR OR HOUSE ALARM. Operates from its 
own battery, nicely cased, is reasonably loud and can be 
coupled to external horn, £10, Order Ref: 10P76. 

CLOCK MODULE. 2” LCD display, requires 1-5V battery, 
goes back to zero when switched off so ideal for timing 
operations, £2, Order Ref: 2P307. 

QUARTZ CLOCK MECHANISMS. Complete with 2 sets of 
hands, modern or period, made up ready to work, £3, 
Order Ref: 3P 111. 

12V-6V REDUCER. Plugs into car socket to work radio, etc, 
£2, Order Ref: 2P318. 

DIMMER REPLACEMENT FOR WALL SWITCH up to 250W, 
£2.50, Order Ref: 2.5P9. Coloured so please state colour 
required. 

MAINS AXIAL FAN. Approximately 4x4, top quality German 
make (PAPST) £8, Order Ref: 8P35. 

MINI BLOW HEATER, 1kW, ideal under desk, etc, but needs 
simple case, £5, Order Ref: 5P23. 

ANOTHER 12V-0V-12V TRANSFORMER is a 50VA and is 
suitable for dropping through the chassis or as it is fitted 
with 4 pillars it can be mounted above the chassis. Also 
should you want a 12V 4A transformer, then this one 
should be quite suitable, you use just one half of the 
secondary. Price £3.50, Order Ref: 3.5P7. 

0-2A PANEL METER. Circular, approximately 1%” 
diameter, ideal for battery charger or for variable voltage 
instrument, only £2, Order Ref: 366. 

POWER CONTROLLER. 0 to 250W, serve as a light dimmer, 
very simply mounted through circular hexagonal nut, £2, 
Order Ref: 2P362. 

SHARP DISK DRIVE. Made to work with the Sharp com- 
puter MZ700 or MZ800. Price £20, Order Ref: 20P25. 
PHONE LEADS. 3M long with the standard flat BT plug one 
end. We've got a lot of these and we want to clear them so 
are offering 20 leads for £5, Order Ref: 5P246. 

O0V-20V DC PANEL METER. This is a nice size 65mm sq. It 
is ideal if you are making a voltage variable instrument or 
battery charger. Price £3, Order Ref: 3P 188. 

COAL EFFECT HEATER. This is a blow heater with switch 
control alongside, made to look like a coal fire. It has a 
fibreglass cover with a light underneath (but it doesn't 
smoke!) It’s on curved iron legs, is free standing and 
comes complete with flex, ready to go. It looks quite effec- 
tive, is very efficient and can easily be moved from room to 
room. Two heat settings, price £12.99, plus £5 special 
packing, Order Ref: 13P2. 

LOCAL HEATING. Where it is impossible to heat the whole 
building, consider using quartz glass elements. These are 
115V 360W so you would have to use 2 in series which 
would give you 720W or 4 to give you twice that heat. You 
could incorporate a simple switch to cut it down on the not 
so cold days. You can have these quartz elements at a 
bargain price of 2 for £1, Order Ref: 907. 

INSULATION TESTER WITH MULTIMETER. Internally gen- 
erates voltages which enables you to read insulation 
directly in megohms. The multimeter has four ranges, 
AC/DC volts, 3 ranges milliamps, 3 ranges resistance and 
5 amp range. These instruments are ex-British Telecom 
but in very good condition, tested and guaranteed OK, 
probably cost at least £50, yours for only £7.50 with leads, 
carrying case £2 extra, Order Ref: 7.5P4. 

The same meter but slightly faulty, will not operate on 
all ranges, probably repairable. We supply diagram, £3, 
Order Ref: 3P 176. 

TOUCH DIMMERS. 40W-250W, no knob to turn, just finger 
on front plate, will give more, or less light, or off. Silver 
plated on white background, right size to replace normal 
switch, £5, Order Ref: 5P230. 

LCD 3% DIGIT PANEL METER. This is a multi-range 
voltmeter/ammeter using the A-D converter chip 7106 to 
provide 5 ranges each of volts and amps. Supplied with full 
data sheet. Special snip price of £12, Order Ref: 12P19. 
2MW LASER. Helium neon by Philips, full spec., £30, Order 
Ref: 30P1. Power supply for this in kit form with case is £15, 
Order Ref: 15P16, or in larger case to house tube as well, 
£18, Order Ref: 18P2. The larger unit, made up, tested and 
ready to use, complete with laser tube, £69, Order Ref: 
69P1. 

PHILIPS 9” HIGH RESOLUTION MONITOR. Black and 
white in metal frame for easy mounting. Brand new, still in 
maker's packing, offered at less than price of tube alone, 
only £15, Order Ref: 15P1. . 

15W 8 OHM 8” SPEAKER & 3 ” TWEETER. Made for a dis- 
continued high quality music centre, gives real hi-fi and 
only £4 per pair, Order Ref: 4P57. 








£1 BARGAIN PACKS 


- List 2 





This is the £1 Bargain Packs List 2 — watch out for lists 
3 and 4 next month. 


3 x Battery Model Motors, tiny, medium and large, Or- 
der Ref: 35. 

2 x Tuning Capacitors for medium wave radios, Order 
Ref: 36. 

Miniature 12V Relay with low current consuming coil, 2 
x 3A changeover contacts, Order Ref: 51. 

2 x Ferrite Slab Aerials with medium wave coils. Ideal 
for building small radio, Order Ref: 61. 

2 x 25W 8 OHM Variable Resistors. 
loudspeaker volume control, Order Ref: 69. 
2 x Wirewound Variable Resistors in any of the follow- 
ing values, 18, 35, 50, 100 ohms, your choice, Order Ref: 
71. 

4 x 30A Procelain Fuse Holders. Make your own fuse 
board, Order Ref: 82. 

2 x 62” Metal Fan Blades for 5/16” shaft, Order Ref: 
86/6 2. 

Mains Motor to suit the 6/2” blades, Order Ref: 88. 
1 x 4.5V 150mA DC Power Supply. Fully enclosed so 
quite safe, Order Ref: 104. 

10 each red and black small size Crocodile Clips, Order 
Ref: 116. 

15m Twin Wire, screened, Order Ref: 122A. . 

100 Plastic Headed Cable Clips, nail in type, several 
sizes, Order Ref: 123. 

4x MES Batten Holders, Order Ref: 126. 

Complete Pocket Size MW Radio, believed OK but not 
tested, Order Ref: 133R. 

4x 2 Circuit Micro Switches (Licon) Order Ref: 157. 

1x 13A Switch Socket, quite standard but coloured, Or- 
der Ref: 164. 

1x 30A Panel Mounting Toggle Switch, double-pole, Or- 
der Ref: 166. 

2 x Neon Numicator Tubes, Order Ref: 170. 

100 x 3/8 Rubber Grommets, Order Ref: 181. 

6 x BC Lamp Holder Adaptors, Order Ref: 191. 

8 x Superior Type Push Switches. Make your own key- 
board, Order Ref: 201. 

Mains Transformer 8V-0V-8V ‘2A, Order Ref: 212. 

2 x Sub Min Toggle Switches, Order Ref: 214. 

High Power 3” Speaker (11W 80hm) Order Ref: 246. 
Medium Wave Permeability Tuner. Its almost a com- 
plete radio with circuit, Order Ref: 247. 

6 x Screwdown Terminals with through panel_ in- 
sulators, Order Ref: 264 

LCD Clock Display, 2” figures, Order Ref: 329. 

10 x Push-On Long Shafted Knobs for %” spindle, Or- 
der Ref: 339. 

2x ex-GPO Speaker Inserts, ref 4T, Order Ref: 352. 

100 x Sub Min 1F Transformers. Just right if you want 
coil formers, Order Ref: 360. 

1x 24V 200mA PSU, Order Ref: 393. 

1 x Heating Element, mains voltage 100W, brass en- 
cased, Order Ref: 8. 

1 x Mains Interference Suppressor, Order Ref: 21. 

3 x Rocker Switches, 13A mains voltage, Order Ref: 41. 

1 x Mini Uni-Selector with diagram for electronic jig- 
saw, Order Ref: 56. 

2 x Appliance Thermostats, adjustable up to 15A, Order 
Ref: 65. 

1 x Mains Motor with gearbox giving 1 rev per 24 hrs, 
Order Ref: 89. 

10 x Round Pointer Knobs for flatted %" spindles, Order 
Ref: 295. 

1 x Ceramic Wave Change Switch, 12-pole, 3-way with 
Ys." spindle, Order Ref: 303. 

1 x Tubular Hand Mike, suits cassette recorders, etc. 
Order Ref: 305 

2 x Plastic Stethosets, take crystal or magnetic inserts, 
order Ref: 331. 

20 x Pre-set Resistors, various types and values, Order 
Ref: 332. 

6 x Car Type Rocker Switches, assorted, Order Ref: 333. 
10 x Long Shafted Knobs for %” flatted spindles, Order 
Ref: 339. 

1 x Reversing Switch, 20A double-pole or 40A single- 
pole, Order Ref: 343. 

4 x Skirted Control Knobs, engraved 0-10, Order Ref: 
355. 

3 x Luminous Rocker Switches, Order Ref: 373. 

2 x 1000W Tubular Heating Elements with terminal 
ends, Order Ref: 376. 

1 x Mains Transformer Operated NiCad Charger, cased 
with leads, Order Ref: 385. 

2 x Clockwork Motors, run for one hour, Order Ref: 389. 


Prices include VAT. Send cheque/postal order or ring 
and quote credit card number. 
Add £3 post and packing. 
Orders over £25 post free. 


M & B ELECTRICAL 
SUPPLIES LTD 


Ideal for 


Pilgrim Works (Dept. E.E.) 
Stairbridge Lane, Bolney, 


Sussex RH17 5PA 


Telephone: 0444 881965 


@NE Tom ea oli m olavelat-mila-y 9) 
Callers to 12 Boundary Road, 
Hove, Sussex. 
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The books listed have been 
selected by Everyday with 
Practical Electronics editorial 
staff as being of special in- 
terest to everyone involved 
in electronics and computing. 
They are supplied by mail order 
direct to your door. Full order- 
ing details are given on the last 
book page. For another selec- 
tion of books see next month's 
issue. 













ELECTRONIC PROJECTS - BOOK 1 

Published by Everyday Electronics in association 
with Magenta Electronics. 

Contains twenty of the best projects from previous issues 
of EE each backed with a kit of components. The projects 
are: Seashell Sea Synthesiser, EE Treasure Hunter, Mini 
Strobe, Digital Capacitance Meter, Three Channel Sound 
to Light, BBC 16K Sideways Ram, Simple Short Wave 
Radio, Insulation Tester, Stepper Motor interface, Eprom 
Eraser, 200MHz Digital Frequency Meter, Infra Red Alarm, 
EE Equaliser loniser, Bat Detector, Acoustic Probe, Mains 
Tester and Fuse Finder, Light Rider — (Lapel Badge, Disco 
Lights, Chaser Light), Musical Doorbell, Function Generator, 
Tilt Alarm, 10W Audio Amplifier, EE Buccaneer Induction 
Balance Metal Detector, BBC Midi Interface, Variable Bench 


Power Supply, Pet Scarer, Audio Signal Generator. 
128 pages (A4 size) Order code EPT £2.45 


ELECTRONICS TEACH-IN 88/89 - 

INTRODUCING MICROPROCESSORS 

Mike Tooley BA (published by Everyday 
Electronics) 

A complete course that can lead successful readers to the 
award of a City and Guilds Certificate in Introductory 
Microprocessors (726/303). The book contains every- 
thing you need to know including full details on register- 
ing for assessment, etc. Starting with basic terminology, 
integrated circuits, logic families and numbering systems 
the text builds in stages, with revision and assessments 
built in, up to programming, languages, flow charts, etc. 
The course is ideal for the newcomer to the subject. ou 


80 pages (A4 size) Order code T1-88/89 





ELECTRONICS TEACH-IN No.5 GUIDE 

TO BUILDING ELECTRONIC PROJECTS 

Published by EVERYDAY ELECTRONICS 

Due to the demand from students, teachers and hobbyists 
we have put together a range of articles from past issues of 
Everyday Electronics that will assist those involved with 
the construction of electronic projects. 

The book contains the complete Project Development 
for GCSE series. 
Contents: Features — First Steps in Project Building; 

Building with Vero; Project Development for GCSE; Get- 
- ting your Project Working; Guide to Printed Circuit Boards; 
Choosing and Using Test Equipment — The Multimeter, 
The Oscilloscope, P.S.U.s, Logic Probes, Digital Fre- 
quency Meters, Signal Generators, etc; Data - Circuit 
Symbols; Component Codes; Resistors; Identifying Com- 
ponents; Capacitors; Actually Doing It — Understand- 
ing the Circuit Diagram, Component Codes, Mounting 
circuit boards and controls, Understanding Capacitors; 
Projects - Lie Detector; Personal Stereo Amplifier; Digi- 
tal Experimentsr’s Unit; Quizmaster; Siren Effects Unit; 
UV Exposure Unit; Low-cost Capacitance Meter; Personal 


Radio. 
88 pages (A4 size) £2.95 
ELECTRONICS TEACH-IN No. 6 
DESIGN YOUR OWN CIRCUITS 
(Published by Everyday with Practical Electronics) 
Mike Tooley B.A. 
This book is designed for the beginner and experienced 
reader alike, and aims to dispell some of the mystique as- 
sociated with the design of electronic circuits. It shows how 
even the relative newcomer to electronics can, with the right 
approach, design and realise quite complex circuits. 
Fourteen individual p.c.b. modules are described which, 
with various detailed modifications, should allow anyone 
to design and construct a very wide range of different 
projects. Nine ‘hands-on’ complete DIY projects have 
also been included so readers can follow the think- 
ing behind design, assembly, construction, testing and 
evaluation, together with suggested ‘‘mods’” to meet 
individual needs. The practical projects have each been 
designed to stand on their own as complete items of 
equipment. P.C.B.s for all the modules and projects are 
available by mail order. 


PLUS 


Rei 


Special Everyday Electronics Books 





The subjects covered in each chapter of the book are: 
Introduction and Power Supplies; Small Signal Amplifiers; 
Power Amplifiers; Oscillators; Logic Circuits; Timers; 
Radio; Power Control; Optoelectronics. 

The nine complete constructional projects are: Ver- 
satile Bench Power Supply; Simple Intercom; Bench 
Amplifier/Signal Tracer; Waveform Generator; Electronic 
Die; Pulse Generator; Radio Receiver; Disco Lights Con- 
troller; Optical Communications Link. 


136 pages £3.45 
TEACH-IN No. 7. Plus Free Software 
ANALOGUE AND DIGITAL NEW 


ELECTRONICS COURSE 

(Published by Everyday with Practical Electronics) 
Alan Winstanley and Keith Dye B.Eng(Tech)AMIEE 
The highly acclaimed Teach-/n ‘92 series, which included 
the construction and use of the Mini Lab and Micro Lab 
test and development units, has been put together in 
book form. Additionally EPT Educational Software have 
developed a GCSE Electronics software program to com- 
pliment the course and a FREE DISC covering the first two 
parts of the course is included with the book. 

An interesting and thorough tutorial series aimed speci- 
fically at the novice or complete beginner in electronics. 
The series is designed to support those undertaking either 
GCSE Electronics or GCE Advanced Levels, and starts with 
fundamental principles. 

If you are taking electronics or technology at school or 
college, this book is for you. If you just want to learn the 
basics of electronics then this book is for you. If you are 
teaching electronics or technology you must make sure 
you see it. Teach-/n No. 7 will be invaluable if you are 
considering a career in electronics or even if you are 
already training in one. The Mini Lab and software enable 
the construction and testing of both demonstration and 
development circuits. These learning aids bring electronics 
to life in an enjoyable and interesting way: you will both 
see and hear the electron in action! The Micro Lab 
microprocessor add-on system will appeal to higher level 
students and those developing microprocessor projects. 


160 pages (A4 size) £3.95 
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Computers and Computing 


HOW TO CHOOSE A SMALL BUSINESS 
COMPUTER SYSTEM 
D. Weale 
This book is for anyone intending to buy an IBM com- 
patible computer system, whether it is their first system or 
a replacement. There are sections on hardware, applica- 
tion and systems programs and how to actually make your 
choice as well as sections on the law, ergonomics and a 
glossary of common terms. 

The text contains many useful tips and some warnings 
(which could save much effort and expense). aha 

4. 


114 pages Order code BP323 


UNDERSTANDING PC SPECIFICATIONS 

R. A. Penfold 

If you require a microcomputer for business applications, 
or a high quality home computer, an IBM PC or compatible 
is often the obvious choice. They are competitively priced, 
and are backed up by an enormous range of applications 
programs, hardware add-ons, etc. The main difficulty for 
the uninitiated is deciding on the specification that will 
best suit his or her needs. PCs range from simple systems 
of limited capabilities up to complex systems that can 
happily run applications that would have been considered 
beyond the abilities of a microcomputer not so long ago. It 
would be very easy to choose a PC system that is inade- 
quate to run your applications efficiently, or one which 
goes beyond your needs and consequently represents poor 
value for money. 

This book explains PC specifications in detail, and the 
subjects covered include the following: Differences 
between types of PC (XT, AT, 80386, etc); Maths 
co-processors; Input devices (keyboards, mice, and 
digitisers); Memory, including both expanded (EMS) and 
extended RAM: RAM disks and disk caches; Floppy disk 
drive formats and compatibility; Hard disk drives (includ- 
ing interleave factors and access times); Display adaptors, 
including all standard PC types (CGA, Hercules, Super 
VGA, etc); Contains everything you need to know if you 
can't tell your EMS from your EGA! rink 


104 pages Order code BP282 


| 


AN INTRODUCTION TO 68000 ASSEMBLY 
LANGUAGE 

R.A. &J. W. Penfold 

Obtain a vast increase in running speed by writing pro- 
grams for 6800 based micros such as the Commodore 
Amiga, Atari ST range or Apple Macintosh range etc., in 
assembly language. It is not as difficult as one might think 
and this book covers the fundamentals. ae 


112 pages Order code BP184 


MULTIMEDIA ON THE PC 
lan R. Sinclair 
In this book, you'll find out what a CD ROM is, how it 
works, and why it is such a perfect add-on for a PC, allow- 
ing you to buy programmes, text, graphics and sound on a 
CD. It also describes the installation of a CD ROM drive 
and a sound card, pointing out the common problems that 
arise, and then shows how to use them to create a com- 
plete multimedia presentation that contains text, photos, a 
soundtrack with your own voice recorded as a commen- 
tary, even animation and edited video footage. 

£11.95 


184 pages Order code PC112 


A CONCISE INTRODUCTION TO MS-DOS 
N. Kantaris 
This guide is written with the non-expert, busy person in 
mind and, as such, it has an underlying structure based on 
“what you need to know first, appears first’’. Nonetheless, 
the guide is also designed to be circular, which means that 
you don’t have to start at the beginning and go to the end. 
The more experienced user can start from any section. 

The guide covers versions 3.0, 3.1 and 3.2 of both PC- 
DOS and MS-DOS as implemented by IBM. and other’ 
manufacturers of ‘‘compatible”’ microcomputers, 

£2.95 


64 pages Order code BP232 


MAKING MS-DOS WORK 

FOR YOU (covers version 6.2) 

N. Kantanis & P. R. M. Oliver 

This book was written with the busy person in mind and, 
as such, it has an underlying structure based on ‘‘what 
you need to know first, appears first’. Nonetheless, the 
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book has also been designed to be circular, which means 
that you don't have to start at the beginning and go to 
the end. 

The book explains: How to write customised batch 
files which allow you to display what you want on your 
screen, and in the form and order you want it, instead of 
being forced to use the DOS prompt on a blank screen. 
How to design and set up a fast interactive and profes- 
sional looking menu system, so that you or anyone 
else can run utility applications or commercial software 
packages easily. How the ANSI.SYS display and key- 
board commands can be used to position the cursor 
on any part of the screen, change the intensity of the 
displayed characters or change their colour. How the 
Edit screen editor or the Edlin line editor can be used 
to enter ESCape (ANSI.SYS) commands into simple 
ASCII files to allow control of both your screen display 
and your printer. How to control the operation of the 
two main types of printers in use today, Epson com- 
patible dot matrix and HP compatible laser printers. 
How to use several useful routines, such as moving and 
finding files, protecting files from accidental erasure, a 
simplified backup process, a screen saver, and a disc 
cataloguing system. 

The Debug program and how it can be used to create, 
see and change the contents of any file, including those 
of programs written in assembler code. This includes 
how to find your way around the names and tasks 
of the CPU registers and the meaning of some simple 
assembler mnemonics. 


182 pages Order code BP319 


AN INTRODUCTION TO CP/M 
R.A.Penfold | 

In order to run and use programs operating under CP/M 
it is not essential to have an understanding of the 
system, but a reasonable knowledge of the subject can 
certainly be of immense help when minor problems 
occur, and also in fully exploiting the possible potential 
of the system. This book tells the story! 


84 pages Order code BP183 


£4.95 


£2.95 
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ACOUSTIC FEEDBACK - HOW 

TO AVOID IT 

Feedback is the bane of all public address systems. While 
feedback cannot be completely eliminated, many things can 
be done to reduce it to a level at which it is no longer a 
problem. 

Much of the trouble is often the hall itself, not the equip- 
ment, but there is a simple and practical way of greatly 
improving acoustics. Some microphones are prone to feed- 
back while others are not. Certain loudspeaker systems are 
much better than others, and the way the units are positioned 
can produce or reduce feedback. All these matters are fully 
explored as well as electronic aids such as equalizers, fre- 
quency-shifters and notch filters. 

The special requirements of live group concerts are con- 
sidered, and also the related problem of instability that is 
sometimes encountered with large set-ups. We even take a 
look at some unsuccessful attempts to cure feedback so as to 
save readers wasted time and effort duplicating them. 

Also included is the circuit and layout of an inexpensive 
but highly successful twin-notch filter, and how to operate it. 


92 pages Order code BP310 £3.95 


PRACTICAL MIDI HANDBOOK 

R. A. Penfold 

The Musical Instrument Digital Interface (MIDI) is sur- 
rounded by a great deal of misunderstanding, and many of 
the user manuals that accompany MIDI equipment are quite 
incomprehensible to the reader. 

The Practical MIDI Handbook is aimed primarily at 
musicians, enthusiasts and technicians who want to exploit 
the vast capabilities of MIDI, but who have no previous 
knowledge of electronics or computing. The majority of the 
book is devoted to an explanation of what MIDI can do and 
how to exploit it to the full, with practical advice on 
connecting up a MIDI system and getting it to work, as well 
as deciphering the technical information in those manuals. 


128 pages £6.95 
PREAMPLIFIER AND FILTER CIRCUITS 
R.A. Penfold 


This book provides circuits and background information for a 
range of preamplifiers, plus tone controls, filters, mixers, etc. 
The use of modern low noise operational amplifiers and a 
specialist high performance audio preamplifier i.c. results in 
circuits that have excellent performance, but which are still 
quite simple. All the circuits featured can be built at quite low 
cost (just a few pounds in most cases). 

The. preamplifier circuits featured include:- Microphone 
preamplifiers (low impendance, high impedance, and crys- 
tal). Magnetic cartridge pick-up preamplifiers with R.I.A.A 
equalisation. Crystal/ceramic pick-up preamplifier. Guitar 
pick-up preamplifier. Tape head preamplifier (for use with 
compact cassette systems). 

Other circuits include:— Audio limiter to prevent overload- 
ing of power amplifiers. Passive tone controls. Active tone 
controls. PA filters (highpass and lowpass). Scratch and 
rumble filters. Loudness filter. Audio mixers. Volume and 
balance controls 


92 pages (oye l=Ymerelel= a st nacle), £3.95 








ELECTRONIC HOBBYISTS HANDBOOK 

R.A. Penfold 

Provides an inexpensive single source of easily lo- 
cated information that the amateur electronics en- 
thusiast is likely to need for the day-to-day pursuance of 
this fascinating hobby. Covers common component 
colour codes. Details the characteristics and pinouts of 


many popular seimiconductor devices, including various, 


types of logic ICs, operational amplifiers, transistors, 
FETs, unijunctions, diodes, rectifiers, SCRs, diacs, tri- 
acs, regulators and SMDs, etc. Illustrates many useful 
types of circuits, such as timers and oscillators, audio 
amplifiers and filters, as well as including a separate 
section on power supplies. Also contains a multitude of 


other useful data. 
Order code BP233 £4.95 


88 pages 

FROM ATOMS TO AMPERES 

F. A. Wilson 

Explains in crystal clear terms the absolute fundamentals 
behind electricity and electronics. Really helps you to 
discover and understand the subject, perhaps for the first 
time ever. 

Have you ever: Wondered about the true link between 
electricity and magnetism? Felt you could never under- 
stand the work of Einstein, Newton, Boltzmann, Planck 
and other early scientists? Just accepted that an electron 
is like a little black ball? Got mixed up with e.m.f. and 
p.d.? Thought the idea of holes in semiconductors is a 
bit much? 

Then help is at hand with this inexpensive book, in as 
simple a way as possible and without too much complex 
mathematics and formulae. 
244 pages 


ELECTRONICS - A ‘‘MADE SIMPLE” BOOK 

G.H. Olsen . 

This book provides excellent background reading for our 
Introducing Digital Electronics Teach-In Book and will 
be of interest to everyone studying electronics. The sub- 
ject is simply explained and well illustrated and the book 
assumes only a very basic knowledge of electricity. 


330 pages £6.95 


A REFERENCE GUIDE TO PRACTICAL 
ELECTRONICS TERMS 

F. A. Wilson 
Electronic devices surround us on all sides and their 
numbers are increasing without mercy. Ours is the 
problem therefore in keeping up with this relentless 
expansion. unfortunately we cannot know it all and most 


Temporarily out of print 
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Audio and Music 


Theory and Reference 


AN INTRODUCTION TO LOUDSPEAKERS AND 
ENCLOSURE DESIGN 

V. Capel 

This book explores the various features, good points and 
snags of speaker designs. It examines the whys and 
wherefores so that the reader can understand the 
principles involved and so make an informed choice of 
design, or even design loudspeaker enclosures for him or 
herself. Crossover units are also explained, the various 
types, how they work, the distortions they produce and 
how to avoid them. Finally there is a step-by-step 
description of the construction of the Kapel/meister 
loudspeaker enclosure. 


148 pages Order code BP256 £2.95 


COMPUTERS AND MUSIC - AN INTRODUCTION 
R.A. Penfold 
Computers are playing an increasingly important part in 
the world of music, and the days when computerised 
music was strictly for the fanatical few are long gone. 

If you are more used to the black and white keys of a 
synth keyboard than the QWERTY keyboard of a computer, 
you may be understandably confused by the jargon and 
terminology bandied about by computer buffs. But fear 
not, setting up and using a computer-based music making 
system is not as difficult as you might think. 

This book will help you learn the basics of computing, 
running applications programs, wiring up a MIDI sys- 
tem and using the system to good effect, in fact just 
about everything you need to know about hardware and 
the programs, with no previous knowledge of computing 
needed or assumed. This book will help you to choose the 
right components for a system to suit your personal needs, 
and equip you to exploit that system fully. 


174 pages Order code PC107 £8.95 


ELECTRONIC PROJECTS FOR GUITAR 

R.A. Penfold 

This book contains a collection of guitar effects and some 
general purpose effects units, many of which are suitable for 
beginners to project building. An introductory chapter gives 
guidance on construction. 

Each project has an introduction, an explanation of how 
it works, a circuit diagram, complete instructions on strip- 
board layout and assembly, as well as notes on setting up 
and using the units. Contents include: Guitar tuner; Guitar 
preamplifier; Guitar headphone amplifier; Soft distortion unit; 
Compressor; Envelope waa waa; Phaser; Dual tracking ef- 
fects unit; Noise gate/expander; Treble booster; Dynamic 
treble booster; Envelope modifier; Tremelo unit; DI box. 


110 pages Order code PC110 £8.95 


HIGH POWER AUDIO AMPLIFIER CONSTRUCTION 
R.A. Penfold 

Practical constructional details of how to build a number of 
audio power amplifiers ranging from about 50 to 300/400 
watts r.m.s. Includes MOSFET and bipolar transistor designs. 


96 pages Order code BP277 £3.95 





of us do not wish to afford the cost of large reference 
books which explain many concepts in fair detail. Here is 
an answer, an inexpensive reference guide which ex- 
plains briefly (but we hope, well) many of the underly- 
ing electronics features of pratical devices, most of 
which, to a certain extent, control our lives. 

This book is in effect more than just a dictionary of 
practical electronics terms, it goes a stage further in also 
getting down to fundamentals. Accordingly the number 
of terms may be limited but the explanations of the many 
which are included are designed to leave the reader more 
competent and satisfied — and this is without the use of 
complicated mathematics which often on first reading 
can even be confusing. 

For those who also wish to get right down to the 
root of the matter, there is a second volume entitled A 
Reference Guide to Basic Electronics Terms (BP286), 
each of the books referring to its companion as neces- 
sary. 

A reference guide for practically everybody concerned 


with electronics. 
Order code BP287 £5.95 


432 pages 
NEWNES ELECTRONICS POCKET BOOK 
E. A. Parr 
Newnes Electronics Pocket Book has been in print for 
over twenty years and has covered the development of 
electronics from valve to semiconductor technology and 
from transistors to LSI integrated circuits and micro- 
processors. To keep up to date with the rapidly chang- 
ing world of electronics, continuous revision has been 
necessary. This new Fifth Edition takes account of recent 
changes and includes material suggested by readers of 
previous editions. New descriptions of op.amp. applica- 
tions and the design of digital circuits have been added, 
along with a totally new chapter on computing, plus 
other revisions throughout. 

£12.95 


315 pages (hard cover) Order code NEO2 


ELECTRONIC MODULES AND SYSTEMS FOR 
BEGINNERS 

Owen Bishop 

This book describes over 60 modular electronic circuits — 
how they work, how to build them, and how to use them. 
The modules may be wired together to make hundreds of 
different electronic systems, both analogue and digital. To 
show the reader how to begin building systems from mod- 
ules, a selection of over 25 electronic systems are described 
in detail, covering such widely differing applications as 
timing, home security, measurement, audio (including a 
simple radio receiver), games and remote control. 


200 pages (Olde l-tmerele|=m sie 01 5) £3.95 











Project Building 


HOW TO GET YOUR ELECTRONIC PROJECT 
WORKING 
R.A. Penfold 

We have all built projects only to find that they did not 
work correctly, or at all, when first switched on. The aim 
of this book is to help the reader overcome just these 
problems by indicating how and where to start looking for 
many of the common faults that can occur when building 


up projects. 
Order code BP110 £2.95 


96 pages 

HOW TO DESIGN AND MAKE YOUR OWN P.C.B.s_ 

R.A. Penfold 

Deals with the simple methods of copying printed cir- 
cuit board designs from magazines and books and covers 
all aspects of simple p.c.b. construction including photo- 
graphic methods and designing your own p.c.b.s. 


80 pages £2.50 





How to Get Your 
Electronic Projects 
Working 


R.A PEMFOLD 





A BEGINNERS GUIDE TO MODERN ELECTRONIC 
COMPONENTS 

R.A. Penfold 

The purpose of this book is to provide practical information 
to help the reader sort out the bewildering array of com- 
ponents currently on offer. An advanced knowledge of the 
theory of electronics is not needed, and this book is not 
intended to be a course in electronié theory. The main aim 
is to explain the differences between components of the 
same basic type (e.g. carbon, carbon film, metal film, and 
wire-wound resistors) so that the right component for a 
given application can be selected. A wide range of com- 
ponents are included, with the emphasis firmly on those 
components that are used a great deal in projects for the 


home constructor. 
Order code BP285 £3.95 


166 pages 

BEGINNER’S GUIDE TO BUILDING ELECTRONIC 
PROJECTS 

R. A. Penfold 

Shows the complete beginner how to tackle the practi- 
cal side of electronics, so that he or she can confidently 
build the electronic projects that are regularly featured in 
magazines and books. Also include examples in the form 


of simple projects. 
Order code 227 £1.95 


112 pages 

ELECTRONICS SIMPLIFIED - CRYSTAL SET 
CONSTRUCTION 

F. A. Wilson, C.G.1.A., C.Eng., F.I.E.E., F.1.E.R.E., F.B.1.M. 
Especially written for those who wish to participate in 
the intricacies of electronics more through practical con- 
struction than by theoretical study. It is designed for all 
ages upwards from the day one can read intelligently and 


handle simple tools. 
Order code BP92 £1.75 


80 pages 

GUIDE TO BUILDING ELECTRONIC PROJECTS 
Published by Everyday Electronics 

See the first page of books - ELECTRONICS TEACH-IN 
No.5 — for full details. 


ELECTRONICS PROJECT BOOK 

Published by Everyday Electronics in association 
with Magenta Electronics. 

See the first page of books for full details. 


Testing and 
Test Gear 


HOW TO USE OSCILLOSCOPES AND OTHER 
TEST EQUIPMENT 
R. A. Penfold 
This book explains the basic function of an oscilloscope, 
gives a detailed explanation of all the standard controls, 
and provides advice on buying. A separate chapter deals 
with using an oscilloscope for fault finding on linear 
and logic circuits. plenty of example waveforms help to 
illustrate the control functions and the effects of various 
fault conditions. The function and use of various other 
pieces of test equipment are also covered, including 
signal generators, logic probes, logic pulsers, and crystal 
calibrators. 

£3.50 


104 pages Order code BP267 
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PRACTICAL ELECTRONIC FILTERS 

Owen Bishop 

This book deals with the subject in a non-mathematical 

way. It reviews the main types of filter, explaining in simple 

terms how each type works and how it is used. 

~ The book also presents a dozen filter-based projects with 

applications in and around the home or in the constructor’s 

workshop. These include a number of audio projects such 

as a rythm sequencer and a multi-voiced electronic organ. 
Concluding the book is a practical step-by-step guide to 

designing simple filters for a wide range of purposes, with 

Circuit diagrams and worked examples. 


88 pages Order code BP299 £4.95 


ELECTRONIC ALARM CIRCUITS MANUAL 
R. M. Marston 
One hundred and forty useful alarm circuits, of a variety of 


| types, are shown in this volume. The operating principle of 


each one is explained in concise but comprehensive terms, 

and brief construction notes are given where necessary. 
Aimed at the practical design engineer, technician and 

experimenter, as well as the electronics student and 


amateur. 
(oyael-tmerolel-m)\ i nm 


124 pages 

DIGITAL LOGIC GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and tech- 
nicians, seeks to establish a firm foundation in digital 
electronics by treating the topics of gates and flip-flops 
thoroughly and from the beginning. 

Topics such as Boolean algebra and Karnaugh mapping 
are explained, demonstrated and used extensively, and 
more attention is paid to the subject of synchronous 
counters than to the simple but less important ripple 
counters. 

No background other than a basic knowledge of elec- 
tronics is assumed, and the more theoretical topics are 
explained from the beginning, as also are many working 
practices. The book concludes with an explanation of 
microprocessor techniques as applied to digital logic. 


200 pages Order code PC106 £8.95 


ELECTRONIC CIRCUITS FOR THE COMPUTER 
CONTROL OF ROBOTS 
Robert Penfold 
Robots and robotics offer one of the most interesting areas 
for the electronics hobbyist to experiment in. Today the 
mechanical side of robots is not too difficult, as there 
are robotics kit and a wide range of mechanical com- 
ponents available. The micro controller is not too much of 
a problem either, since the software need not be terribly 
complex and many inexpensive home computers are well 
suited to the task. 

The main stumbling block for most would-be robot 
builders is the electronics to interface the computer to the 
motors, and the sensors which provide feedback from the 


£13.95 





PROJECTS FOR RADIO AMATEURS 
AND S.W.L.S. 

R. A. Penfold 

This book describes a number of electronic circuits, most 
of which are quite simple, which can be used to enhance 
the performance of most short wave radio systems. 

The circuits covered include:— An aerial tuning unit; A 
simple active aerial; An add-on b.f.o. for portable sets; A 
wavetrap for combat signals on spurious responses; An 
audio notch filter; A parametric equaliser; C.W and S.S.B. 
audio filters; Simple noise limiters; A speech processor; A 


- volume expander. 


Other useful circuits include a crystal oscillator, and 
RTTY/C.W. tone decoder, and a RTTY serial to parallel 
converter. A full range of interesting and usefull circuits for 


short wave enthusiasts. 
Order code BP304 £3.95 


92 pages 

AN INTRODUCTION TO AMATEUR RADIO 

1. D. Poole 

Amateur radio is a unique and fascinating hobby which 
has attracted thousands of people since it began at the turn 
of the century. 

This book gives the newcomer a comprehensive and 
easy to understand guide through the subject so that the 
reader can gain the most from the hobby. It then remains 
an essential reference volume to be used time and again. 
Topics covered include the basic aspects of the hobby, 
such as operating procedures, jargon and setting up a 
station. Technical topics covered include propagation, 
receivers, transmitters and aerials etc. 


150 pages £3.50 


SIMPLE SHORT WAVE RECEIVER CONSTRUCTION 
R. A. Penfold 

Short wave radio is a fascinating hobby, but one that 
seems to be regarded by many as an expensive pastime 
these days. In fact it is possible to pursue this hobby for a 
minimal monetary outlay if you are prepared to undertake a 
bit of d.i.y., and the receivers described in this book can all 
be built at low cost. All the sets are easy to construct, full 
wiring diagrams etc. are provided, and they are suitable 
for complete beginners. The receivers only require simple 
aerials, and do not need any complex alignment or other 
difficult setting up procedures. 

The topics covered in this book include: The broad- 
cast bands and their characteristics; The amateur bands 
and their characteristics; The propagation of radio signals; 
Simple aerials; Making an earth connection; Short wave 
crystal set; Simple t.r.f. receivers; Single sideband recep- 
tion; Direct conversion receiver. 

Contains everything you need to know in order to get 
started in this absorbing hobby. 


88 pages £3.95 


Radio, TV, Satellite 


Circuits and Design 


robot to the computer. The purpose of this book is to 
explain and provide some relatively simple electronic 
circuits which bridge this gap. 


92 pages Order code BP179 £2.95 


ELECTRONIC POWER SUPPLY HANDBOOK 
lan R. Sinclair 
This book covers the often neglected topic of electronic 


power supplies. All types of supplies that are used for elec- ~ 


tronics purposes are covered in detail, starting with cells and 
batteries and extending by way of rectified supplies and 
linear stabilisers to modern switch-mode systems, IC switch- 
mode regulators, DC-DC converters and inverters. 

The devices, their operating principles and typical cir- 
cuits are all dealt with in detail. The action of rectifiers 
and the reservoir capacitor is emphasised, and the subject 
of stabilisation is covered. The book includes some useful 
formulae for assessing the likely hum level of a conven- 
tional rectifier reservoir supply. 


136 pages Order code PC108 £7.95 


50 SIMPLE LED CIRCUITS 

R.N. Soar 

Contains 50 interesting and useful circuits and applica- 
tions, covering many different branches of electronics, 
using one of the most inexpensive and freely available 
components — the light-emitting diode (LED). Also in- 
cludes circuits for the 707 common anode display. 


64 pages £1.95 
BOOK 2 50 more |.e.d. circuits £1.95 


CIRCUIT SOURCE BOOK 1 

A. Penfold 

Written to help you create and experiment with your 
own electronic designs by combining and using the 
various standard “building block” circuits provided. Where 
applicable, advice on how to alter the circuit parameters is 
given. 

The circuits covered in this book are mainly concerned 
with analogue signal processing and include: Audio 
amplifiers (op.amp and bipolar transistors); audio power 
amplifiers; d.c. amplifiers; highpass, lowpass, bandpass 
and notch filters; tone controls; voltage controlled 
amplifiers and filters; triggers and voltage comparators; 
gates and electronic switching; bargraphs; mixers; phase 
shifters, current mirrors, hold circuits, etc. 

Over 150 circuits are provided, which it is hoped will be 
useful to all those involved in circuit design and applica- 
tion, be they professionals, students or hobbyists. 


182 pages Order code BP321 £4.95 


CIRCUIT SOURCE BOOK 2 

R. A. Penfold 

This book will help you to create and experiment with 
your own electronic designs by combining and using 
the various standard ‘“‘building blocks” circuits provided. 
Where applicable, advice on how to alter the circuit 
parameters is provided. 


AN INTRODUCTION TO AMATEUR 
COMMUNICATIONS SATELLITES 

A. Pickford 

Communications and broadcast satellites are normally 
inaccessible to individuals unless they are actively in- 
volved in their technicalities by working for organisations 
such as British Telecom, the various space agencies or 
military bodies. even those who possess a satellite televi- 
sion receiver system do not participate in the technical 
aspects of these highly technological systems. 

There are a large number of amateur communications 
satellites in orbit around the world, traversing the globe 
continuously and they can be tracked and their sig- 
nals received with relatively inexpensive equipment. This 
equipment can be connected to a home computer such as 
the BBC Micro or |BM compatible PCs, for the decoding of 
received signals. 

This book describes several currently available systems, 
their connection to an appropriate computer and how they 
can be operated with suitable software. 


102 pages £3.95 
AERIAL PROJECTS 
R.A. Penfold 


The subject of aerials is vast but in this book the author 
has considered practical aerial designs, including active, 
loop and ferrite aerials which give good performances and 
are relatively simple and inexpensive to build. The com- 
plex theory and mathematics of aerial design have been 
avoided. 

Also included are constructional details of a number of 
aerial accessories including a pre-selector, attenuator, fil- 


ters and tuning unit. 
Order code BP105 £2.50 


96 pages 
INTERNATIONAL RADIO STATIONS GUIDE 
P. Shore 
Provides the casual listener, amateur radio DXer and the 
professional radio monitor with an essential reference 
work designed to guide him or her around the ever more 
complex radio bands. This new edition has been com- 
pletely revised and rewritten and incorporates much more 
information which is divided into the following sections: 
Listening to Short Wave Radio; Choosing a Short 
Wave Radio Receiver; How to Use the IRSG; Abbrevia- 
tions; Country Codes; Worldwide Short Wave Radio Sta- 
tions; European, Middle Eastern and African Long Wave 
Radio Stations; European, Near and Middle Eastern and 
African Medium Wave Radio Stations; Canadian Medium 
Wave Radio Stations; USA Medium Wave Radio Stations; 
Broadcasts in English; Programmes for DXers and Short 
Wave Listeners; UK FM Radio Stations; Time Differences 
From GMT; Wavelength/Frequency ciaallabdaly 


226 pages £5.95 
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The circuits covered are mainly concerned with signal 
generation, power supplies, and digital electronics. 

The topics covered in this book include: 555 oscillators; 
sinewave oscillators; function generators; CMOS oscil- 
lators; voltage controlled oscillators; radio frequency oscil- 
lators; 555 monostables; CMOS monostables; TTL monos- 
tables; precision long timers; power supply and regulator 
circuits; negative supply generators and voltage boosters; 
digital dividers, decoders, etc; counters and display drivers; 
D/A and A/D converters; opto-isolators, flip/flops, noise 
generators, tone decoders, etc. 

Over 170 circuits are provided, which it is hoped will be 
useful to all those involved in circuit design and applica- 
tion, be they professionals, students or hobbyists. 


192 pages ‘Order code BP322 £4.95 


HOW TO USE OP-AMPS 

E.A. Parr 

This book has been written as a designer's guide covering 
many operational amplifiers, serving both as a source book 
of circuits and a reference book for design calculations. 
The approach has been made as non-mathematical as pos- 


sible. 
£2.95 


160 pages 

A BEGINNERS GUIDE TO TTL DIGITAL ICs 

R. A. Penfold 

This book first covers the basics of simple logic circuits 
in general, and then progresses to specific TTL logic 
integrated circuits. The devices covered include gates, 
oscillators, timers, flip/flops, dividers, and decoder circuits. 
Some practical circuits are used to illustrate the use of TTL 
devices in ‘‘real world” applications 


142 pages Order code BP332 £4.95 


DIRECT 
BOOK 
SERVICE 


ORDERING DETAILS 


Please state the title and order code 
clearly, print your name and address 
and add the required postage to the 
total order. 

Add £1 to your tota/ order for 
postage and packing (overseas 
readers add £2 for countries in 
Europe, or add £5 for all 
countries outside Europe, surface 
mail postage) and send a PO, 
cheque, international money order, 
(€ sterling only) made payable to 
Direct Book Service or credit 
card details (including the card 
expiry date), Visa or Mastercard 
(Access) — minimum credit card 


order is £5 — quoting your name and 


address, the order code and 
quantities required to DIRECT 
BOOK SERVICE, 33 GRAVEL HILL, 
WIMBORNE, DORSET BH21 1RW 
(mail order only). 

Although books, videos and 
software are normally sent within 
seven days of receipt of your order, 
please allow a maximum of 28 days 
for delivery. Overseas readers allow 
extra time for surface mail post. 

Please check price and availability 
(see latest issue of Everyday with 
Practical Electronics) before order- 
ing trom old lists. 

Note — our postage charge is 
the same for one book or one 
hundred books! 


MORE BOOKS NEXT MONTH 


Direct Book Service is a division of 
Wimborne Publishing Ltd 


Tel: 0202 881749 
Fax: 0202 841692 
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eee OK aaa 


We now supply a// the books published by Bernard Babani (Publish- 
ing) Ltd. We have always supplied a selected list of Babani books and 
you will find many of them described on the previous pages or in next 
month's issue of Everyday with Practical Electronics (all books with a 
BP prefix to the order code are Babani books). 

Many readers have asked us to also supply various other Babani 
books, which have a reputation for value for money. Our customers tell 
us they appreciate our speedy service and low postage charge and they 


would like to be able to purchase all the books from us and thus keep 
the postage charge to an absolute minimum (£1.00 for UK p&p no 
matter how many books you buy). We are pleased to be able to 
respond; with the aid of Michael Babani (M.D.) we are now able to 
meet all your requirements for their books. /f it’s Babani and in print we 
can supply it. Babani presently list over 160 different technical titles 
those not described in detail on the previous Direct Book Service pages 
or in next month's issue are listed below: 


Code__iTitle Price Code Title Price Code Title Price 
BP37 50 Projects using Relays, SCRsandTRIACs £2.95 BP245 _— Digital Audio Projects £2.95 BP303 Understanding PC Software £4.95 
BP39 50 (FET) Field Effect Transistor Projects £2.95 BP246 Musical Applications of the Atari ST’s £5.95 BP305 Learning CAD with AutoSketch for Windows £5.95 
BP44 IC 555 Projects £2.95 BP247 More Advanced MIDI Projects £2.95 BP306 A Concise Intoduction to AmiPro 3 £4.95 
BP48 Electronic Projects for Beginners £1.96 BP249 More Advanced Test Equipment Construction £3.50 BP307 A Concise Introduction to QuarkXPress £4.95 
BP49 Popular Electronic Projects £2.50 BP250 Programming in FORTRAN 77 £4.95 BP308 A Concise Introduction to Word 5.1 on the 
BP56 Electronic Security Devices £2.95 BP251 Computer Hobbyists Handbook £5.95 Macintosh £5.95 
- BP74 Electronic Music Projects £2.95 BP258 _ Learning to Program in C (revised edition) £4.95 BP311 An Introduction to Scanners and Scanning £4.95 
BP76 — Power Supply Projects £2.50 BP259 AConcise Introduction to UNIX £2.95 BP312 An Introduction to Microwaves £3.95 
BP78 _ Practical Computer Experiments £1.75 BP260 AConcise Introduction to OS/2 £2.95 BP313 A Concise Introduction to Sage £3.95 
BP84 _ Digital IC Projects £1.95 BP261 AConcise Introduction to Lotus 1-2-3 BP314 A Concise Introduction to Quattro Pro 3.0 £4.95 
BP90 Audio Projects £2.50 (revised edition) £3.95 BP315 An Introduction to the Electromagnetic Wave £4.95 
BP94 Electronic Projects for Cars and Boats £1.95 BP262 AConcise Introduction to WordPerfect BP320 Electronic Projects for Your PC £3.95 
BP95 Model Railway Projects £2.95 (revised edition) . . £3.95 BP322 Circuits Source Book 2 £4.95 
BP122 Audio Amplifier Construction £2.95 BP264 A Concise Advanced User's Guide to MS-DOS BP324 ~The Art of Soldering £3.95 
BP125 25Simple Amateur Band Aerials __ £1.95 ee ee paps BP326 An Introduction to Satellite Communications £5.95 
BP126 BASIC & PASCAL in Parallel £1.50 Bee os” itlecian oe oe sila 9g oe BP327 DOS One Step at a Time (covers version6.2) £3.95 
BP132 25 Simple SW Broadcast Band Aerials £1.95 eras. “Bases icra ca arp BP328 Sage Explained £5.95 
BP136 25 Simple Indoor and Window Aerials £1.75 Bipot “6 Cansucin tei SndrGaee £4.95 BP330 A Concise User's Guide to Lotus 1-2-3 
BP144 Further Practical Electronics Calculations ee Release2.4 £4.95 
& Formulae £4.95 BP276 Short Wave Superhat Receiver Construction £2.95 BP331 A Beginners Guide to MIDI £4.95 
BP145 25 Simple Tropical and MW Band Aerials £1.75 BP280 Getting the Most From Your PC’s Hard Disk £3.95 BP334 Magic Electronics Projects £4.95 
BP148 Computer Terminology Explained £1.95 BP283 AConcise Introduction to SmartWare II £4.95 BP336 A Concise Users Guide to Lotus -2-3 
BP171 Easy Add-on Projects for Amstrad CPC BP284 Programming in QuickBASIC £4.95 Release 3.4 £5.95 
464, 664, 6128 and MSX Computers £2.95 BP287 A Reference Guide to Basic Electronics Terms £5.95 BP337 A Concise Users Guide to Lotus! -2-3 
BP176 ATV-DXers Handbook (revised edition) £7.95 BP291 AConcise Introduction to Ventura £3.95 for Windows : £5.95 
BP182 MIDI Projects £2.95 BP292 Public Address Loudspeaker Systems £3.95 BP338 A Concise Introduction to Word for 
BP190 More Advanced Electronic Security BP293 An|Introduction to Radio Wave Propagation £3.95 Windows . £5.95 
Projects £2.95 BP294 AConcise Introduction to Microsoft BP339 . . shard ehh atls to WordPerfect £5.95 
BP192 More Advanced Power Supply Projects £2.95 Works (revised edition) £4.95 BP343 A Ccnsies latroduction te Micioaelt ‘ 
‘BP193 LOGO for Beginners £2.95 BP298 A Concise Introduction to the Mac System Miers tor Windows £5.95 
BP196 BASIC & LOGO in Parallel £2.95 & Finder £3.95 , 
BP198 An Introduction to Antenna Theory £2.95 BP301 Antennas for VHF and UHF £4.95 
BP230 A Concise Introduction to GEM £2.95 
BP243 BBC BASIC86 on the Amstrad PCs and 
BBC BASICBE onthe Amstrad PCsand IF NO PRICE IS SHOWN THE BOOK IS OUT OF PRINT (0.0.P.) 


IBM Compatibles — Book 2: Graphics and 


BP244 BBC BASIC86 on the Amstrad PCs and SEE PREVIOUS PAGE FOR FULL ORDERING DETAILS 


Disk Files £3.95 








Printed circuit boards for certain EPE constructional projects are available from the 
PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. All prices include VAT and postage and packing. Add £1 per board 
for airmail outside of Europe. Remitances should be sent to The PCB Serv- 
ice, Everyday with Practical Electronics, Allen House, East Borough, 
Wimborne, Dorset BH21 1PF. Cheques should be crossed and made payable to 
Everyday with Practical Electronics (Payment in £ sterling only). 


NOTE: While 95% of our boards are now held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days 
for delivery — overseas readers allow extra if ordered by surface mail. 
Back numbers or photostats of articles are available if required — see the 
Editorial page for details. 
Please check price and availability in the latest issue. 

Boards can only be supplied on a payment with order basis. 


e! All p.c.b.s on THIS 
| fe 
AL“, 


page reduced to 
(Just send half the price shown, while stocks last.) 


PCBs ON OPPOSITE PAGE: PRICES AS SHOWN 


PROJECT TITLE Order Code 
























Suntan Timer | | 610 | £3.07 
Doorbell Delay NOV’88 


Sound-to-Light Interface 
Midi Pedal 

Midi Merge 
Audio Lead Tester 


Light Sentinel: Main Board 
4-Channel Auto-Fader Interface 


Electronic Spirit Level AUG'89 


Music on Hold OCT’89 
Power Supplies — 25V 700mA 


Logo/Lego & Spectrum Interface 

























Stereo Noise Generator APR‘90 681 
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PROJECT TITLE Order Code 
Amstrad Speech Synthesiser 689 £4.68 





Simple Basic Alarm MAR‘91 








Hand Tally: Main Bd and Display Bd 699/700 £10.95 
Ghost Walker 703 £4.32 
704 £5.25 


Frequency Meter 
714 £5.33 
715 £5.03 


Spatial Power Display 
731 £4.50 


Amstrad PCW Sound Generator 
Humidity Tester 716 £4.97 
Model Train Controller (double-sided) 736 £9.75 
Digital LCD Thermostat 
— Control Board 740 £4.05 
— Power Relay Board £3.76 
Control and Power Relay Boards together £5.00 


Modular Disco Lights — Simple Chaser 
Sweeper Module 
Automatic Light Control - PSU Board 
Logic Board 





Mod. Disco Lights 
Superchaser (Double-sided) 
Supersweep (Double-sided) 

Bicycle Alarm 


Knockerbox 


Signal Generator — Main Board 
Mind Machine - Main Board 
Auto Nightlight 


Mind Machine — Programmer Board 
Transistor Checker 

Stepping Motor Driver/Interface 

Micro-Sense Alarm 


Telesound FEB’92 784 


Programmable Timer 785 
Auto Garage Light 786 
Versatile BBC Computer Interface 787 
Economy Seven Timer 788 


Sonic Continuity Tester 789 
Telephone Ringer 790 


Experimental Weighing Scale | 792 
12V Drill Charger/PSU (both boards) 793 


Digital Servo Interface 791 
Tie Pulser 794 
CCD Reverb Unit 795 
Switch- Mode Power Supply 796 
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PROJECT TITLE : | Order Code | PROJECT TITLE Order Code 











UV Exposure Timer 797 £5.33 L.E.D. Matrix Message Display Unit 
Cricket Game 798 £6.77 Display Board 

Quick Prom 799 £5.61 CPU Board 

Gas Alarm 800 £5.47 Stereo Noise Gate 

Dual Metronome £6.74 Simple TENS Unit 


Capacitance/Inductance Meter 
Advanced TENS Unit 




















Ultrasonic Tape Measure 802 £6.06 
Quicktest 803 £4.82 


Extended Range Capacitance Meter [CXR 804 £5.63 Digital Water Meter—Scaler 
Traffic Lights System 806 £5.04 Counter/Display 
, L.E.D. Matrix Message Display Unit 













MINILAB | £14.95 
807 £6.30 
808 £6.47 


811T/811R} £6.56 


Mini Lab 
EPE Altimet (Altimeter) 
Personal Stereo Amplifier 


Universal Infra-Red Remote Control (ipjaeiey 


Keypad 

PC Interface 
Microprocessor Smartswitch 
Microcontroller P.I. Treasure Hunter 














































Combination Switch 812 £5.68 at Ti ULY'94 
Christmas Lights Colour Spectrum 813 £5.97 yes ae oe 
TV/UHF Aerial Amp (double-sided) 814 £7.23 Simple NiCad Charger 
Continuously Variable Balanced Power Supply 815 £5.65 Voxbox 
Emergency Lighting Unit 816 £6.77 Stereo HiFi Controller — 1 Power Supply 
Biomet Pulse Monitor Stereo HiFi Controller - 2 
Sensor 817 £6.30 Main Board 
Display 818 £6.30 Expansion/ Display Boards (pair) 







Biomet Pulse Monitor Dancing Fountains — 1 






















— ADC Interface (double-sided) 819 Pre.amp 
Car Electric Window Enhancer | 821 Pump Controller 
Simplifly Atari STFM Interface 822 Filter 
Personal Stereo Amp. Add-On 823 6802 Microprocessor Development Board 
Electronic Fire 820 Dancing Fountains — 2 
Mind Machine Mkll — Signal Generator 824 PC-Compatible Interface (double-sided) 
Ventilation Fan Timer 825 Automatic Greenhouse Watering System 
Universal Data Logger 826 Seismograph - 1 Sensor/Filter 











Clock/Mixer 
3-Channel Lamp Controller 


Seismograph - 2 
PC-Compatible Interface (double-sided) 

Visual/Audio Guitar Tuner 

Digilogue Clock 

Hobby Power Supply 

Audio Auxiplexer 
Control Board 

Receiver 


Mind Machine MkII — Magic Lights 
Superhet Radio Control Receiver 
Guitar Preamp and Distortion Unit 
Linear Clock — Timing Board 

Display Board 
Universal Alarm Module 


Electronic Snooker Scoreboard £9.17 
Mind Machine MkII JULY’93 , 

— Computer Interface 
Xenon Strobe 
Electronic Gong 
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Power Controller 

























Micro Lab — p.c.b., EPROM, PAL and booklet 1000V/500V Insulation Tester 906 

Bike Odometer (pair of boards) 836/7 £7.00 J | Active Guitar Tone Control 907 

Amstrad PCW A to D Converter (double-sided) 838 £9.85 TV Off-er = (pair) _ 908/909 

Experimental Electronic Pipe Descaler 839 £5.50 Video Modules — 1 th besa 
mproved Fader 

Sound Activated Camera Trigger SEP’93 £5.34 Video Enhances 912 






L.E.D. Sandglass 
Main and Display boards 

Kettle Alert 

Linear Power Supply (double-sided) 

Multi-Purpose Audio System 

Six Channel Stereo Mixer 


Multi-Purpose Audio System 


Rodent Repeller 
EPE Fruit Machine 

Video Modules —2. Horizontal Wiper 

Vertical Wiper 


4-Channel Audio Mixer 








Spacewriter Wand 
Universal Digital Code Lock 


NOV'93 


Microphone Pre-Amp module 846 £4.88 
RIAA Pre-Amp module 847 £5.11 
20 Metre Receiver 848 £6.63 — ee eee 












Multi-Purpose Audio System 
Tone Control and 1W Stereo Amplifier 
Tone Control 
1W Stereo Amplifier 

Three-Way Christmas Tree Lights Flasher 


EPE PRINTED CIRCUIT 
BOARD SERVICE 






















Auto Alarm Order Code _ Project Quantity Price 
250W/600W Battery to Mains Inverter 
Multi-Purpose Audio System  §=«-—»-s« PBN caseeeeetttteteettteteetttteeeeeeseaeeeeeesneaeeestsaeseseeeeageasceesseeseeeeaseeesenegeneeeas 
10W + 10W Stereo Power Amplifier 
Amplifier IY ogni tenes stg eotees aes near teneneereeeeashene 
Power Supply . 
Pond Heater Thermostat PS Fisica cists saan ices rascal eee 


Timer/NiCad Capacity Checker 
Multi- Purpose Audio System 
Balanced Microphone Preamplifier 
Balanced Microphone Power Supply 
Whistle Controlled Light Switch 
Battery to Mains Inverter — U.P.S. charger board 862 £7.38 


Three Phase Generator 861 £5.95 
Visual Doorbell 863 £5.80 
CCD TV Camera — Control Board 

(double-sided, plated-through-hole) £15.00 


Telephone Ring Detector 864 £4.72 
CCD TV Camera 













sep erqeeraeeartndeceenes (cheque/PO in £ sterling only) to: 


bY 


I 
, 
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k 





Access (MasterCard) or Visa No. 
Minimum order for credit cards £5 


























Combined Video, Test & Ext Plug Boards 866a/e 
Frame Grab Control 867 i 
(double-sided plated-through-hole) lc , 
EPE Sound DAC PC Sound Board 868 : SPUN ict ceniay dictionary av aricanapbitastelnesecnnccseened Card Exp: Date issicicniscsicscstimnieaecs 
MOSFET Variable Bench Power Supply ‘ 869 L. Please supply name and address of cardholder if different from the address shown i 
LN ee ee cs ee 
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REPORTING 
AMATEUR RAD 


Tony Smith G4FAL 


CIS CALLSIGNS 


There has been some confusion over 
the amateur callsigns of ex-USSR 
stations since the break-up of the Soviet 
Union. Some countries immediately 
reclaimed their pre-WW2 prefixes, for 
example Estonia, ES, Latvia, YL, and 
Lithuania, LY. There were official new 
allocations from 1st January 1994, but 
some stations have continued to use 
previously issued calls now allocated to 
other countries. 

Callsigns are allocated in series by the 
International Telecommunications Union 
(ITU). Countries are allocated blocks of 
prefixes beginning with a single letter, a 
pair of letters, or a number and a let- 
ter. Sometimes a block covers all pos- 
sible prefixes with the same beginning, 
sometimes a half-series is allocated so 
that two countries share the same prefix. 
Swaziland, for example, has 3DA-3DM 
and Fiji 3DN-3DZ. Other countries, with 
many radio amateurs, have several prefix 
blocks. 

The following is a list of the new ITU 
allocations for the countries of the ex- 
Soviet Union, including their previous 
calls for ease of reference. 


BLOCKS COUNTRY PREFIXES 
ALLOCATED NEW OLD 
EKA-EKZ Armenia EK UG 
EMA-E0OZ Ukraine EO UB/UT/UY 
ERA-ERZ Moldava ER = UO 
ESA-ESZ Estonia ES = UR 
EUA-EWZ Belarus EV UC 
EXA-EXZ Kyrgystan EX UM 
EYA-EYZ Tajikistan EY UJ 
EZA-EZZ Turkmenistan EZ UH 
LYA-LYZ Lithuania LY UO 
RAA-RZZ Russia RA UA 
UAA-UIZ Russia UA UA 
UJA-UMA Uzbekistan UM Ul 
UNA-UQZ ~~ Kazakhstan UN UL 
URA-UZZ Ukraine US/UT/ 

UX/UY UB/UT 
YLA-YLZ Latvia YL UP 
4JA-4KZ Azerbaijan 4J/4K UD 
4LA-4LZ Georgia AL UF 
R1F Franz Josef 


Land R1F 4K2 


YEAR IN REVIEW 

| have been looking back over the last 
twelve months at some of the matters 
reported in this column to see if any 
conclusions can be drawn from them. | 
have chosen only one subject from each 
issue although there are of course several 
topics discussed each month. 

In December 1993, an extract from the 
Radiocommunications Agency's Annual 
Report showed that there were fewer 
radio amateurs in 1992/93 than in the 
previous year. Numbers dropped from 
61,442 in March 1992 to 59,242 a year 
later, a loss of 2,200. Publication of this 
year's Report has been delayed but | 
hope to have the 1994 figures next 
month. 
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January's column reported that the 
Radio Society of Great Britain’s repre- 
sentatives at the IARU Region 1 Con- 
ference in the previous September had 
abstained from voting on the issue of the 
amateur Morse test. Apparently they had 
no mandate on this subject despite a 
recent RSGB survey in which a large 
majority of those voting had supported 
retention of the test. 

February's column recorded that an 
Ariane launch vehicle had recently carried 
no less than seven amateur satellites into 
orbit. 

March carried the finally released official 
Morse test survey results, showing that 
67.5% of those taking part voted “No” to 
the concept of a code-free licence while 
32.5% voted “Yes”. 

April highlighted the Young Operators’ 
International Radio Club, a Russian based 
international organisation of young people 
under 30, which seeks to promote 
friendship and a better understanding of 
each other by sharing ideas and 
information about radio and other hobbies 
through radio communication and a 
newsletter. 


COMMEMORATION 

May saw news of “Operation Maquis”, 
an amateur radio special event associated 
with the D-Day celebrations. Special 
French stations planned to be on the air to 
commemorate the WW2 clandestine radio 
links between France and Britain, and to 
honour the memory of those who died 
undertaking this dangerous work. 

In June, there was a report on the 
work of Australian radio amateurs who 
provided communications support for the 
firefighters during the bush fires in New 
South Wales in January. 

July carried the reassuring news that the 
Report of the Stage 3 Radio Spectrum 
Review Committee, covering 28MHz to 
470MHz, “having noted the value of 
amateur radio to the community” 
proposed, for the foreseeable future, no 
change in the amateur radio frequency 
allocations. 

In August this column reported, before 
any specialised amateur radio publication 
carried the news, that the International 
Amateur Radio Union had appointed a 
special sub-committee to examine the 
issues related to the amateur Morse test, 
and to propose the position the IARU 
should take on this controversial matter. 

September saw a report on the first 
course run by STELAR (Science and 
Technology through Educational links 
with Amateur Radio) for teachers from 
schools with no current amateur radio 
programme. 

In October, we delved into the fas- 
cinating world of “numbers stations”, an 
intriguing aspect of short wave listen- 
ing involving mysterious stations labelled 
with such names as the ‘Lincolnshire 


Poacher”, Bulgarian Betty’, ‘Bugle Sta- 
tion”, and ‘Russian Counting Man”. 3 

In November there were details of 
changes in the terms and conditions of the 
amateur radio licence. These introduced 
some new privileges, including the use of | 
higher power in the 1-8MHz and 50MHz 
bands; and some restrictions including 
a requirement that unattended packet 
operation should have the facility to 
close-down rapidly when other services 
were being interfered with. 


CONCLUSIONS 

So what conclusions can be drawn from 
this brief review of a year of ‘Reporting 
Amateur Radio’? It seems clear that the 
question of the amateur Morse test is the 
one issue that won't go away. A survey of 
amateurs resulted in a substantial “retain 
it’ majority, yet the RSGB would not 
adopt that viewpoint as its policy. Now the 
IARU is trying to decide what its policy 
should be at international level. 

The annual figures show that the num- 
bers of licensees are decreasing, and there 
is a view that this trend could be reversed if 
only the Morse test were abolished. As the 
survey showed, there is also a substantial 
contrary view so this particular controversy 
is likely to continue for some time yet. 

Frequent references to rules and regula- 
tions emphasise that amateur radio is very 
much a disciplined hobby governed by 
detailed terms and conditions. In a world 
where “breaking the rules” is a common 
occurrence, radio amateurs who do this 
can lose their licences and few choose to 
take the risk. 


ABOVE ALLIT’S FUN 

My limited selection of topics gives 
some indication of the scope of amateur 
radio. A look back at the actual pages, 
however, widens the perspective and 
shows very clearly that it is not just one but 
many hobbies rolled into one, offering 
enjoyment and satisfaction at many levels. 

None of this is parochial either. Amateur 
radio is international, with many ac- 
tivities involving contact with amateurs in 
other countries, often resulting in lasting 
friendships with them. 

This column seeks to emphasise how 
easy it is for beginners to make a start | 
in amateur radio. Once they have studied 
for and acquired their licences, newcomers 
are welcomed by the “specialists” who are 
more than pleased to help them start and 
make progress in the various branches of 
the hobby. 

If you have a radio with facilities for 
listening to amateurs, try listening to them 
on the international bands over the festive 
season when they catch up with old 
friends, and make new ones. You will 
begin to get some idea of what its all 
about. It’s an absorbing activity, satisfying 
and rewarding. Above all it’s fun. Happy 
Christmas! 
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SURVEILLANCE 


PROFESSIONAL QUALITY KITS 


No. 1 for Kits 


Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years 

-and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, circuit 
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters 
are tuneable and can be received on an ordinary VHF FM radio. 


Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations! 








UTX Ultra-miniature Room Transmitter 
Smallest room transmitter kit in the world! Incredible 10mm x 20mm including: 
Mic. 3-12V Operation. 500M range... ccccccccccccsecessceseceescssecssscsscvsseesseeseeees £16.45 


MTX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter 
Just 17mm x 17mm including mic. 3-12V operation. 1000m range................0.... £13.45 


STX High-performance Room Transmitter 
Hi performance transmitter with a buffered output stage for greater stability and range. 


Measures 22mm x 22mm including mic. 6-12V operation, 1500m range............. £15.45 
VT500 High-power Room Transmitter 

Powerful 250mW output providing excellent range and performance. Size 20mm x 
40mm. 9-12V operation. 3000M range...........ccccccsscsccscsscecsscegeessssscssescsssssessseees £16.45 
VXT Voice Activated Transmitter 


Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45 


HVX400 Mains Powered Room Transmitter 
Connects directly to 240V AC supply for long-term monitoring. Size 30mm x 35mm. 
PRM ANNO c hantrslaaiinatcinimiiacniheaitadebaneninuntedmiaiuenK £19.45 


SCRX Subcarrier Scrambled Room Transmitter 
Scrambled output from this transmitter cannot be monitored without the SCDM decoder 


connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range.............. £22.95 
SCLX Subcarrier Telephone Transmitter 

Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires-SCDM connected to receiver. Size 32mm x 37mm. 1000m range........... £23.95 


SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70mm. 9-12V operation ...........cccccccesceeeseseeeeeeeeeees £22.95 


ATR2 Micro Size Telephone Recording Interface 

Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
POWET OE THI IN sicncitsisitviissavivnesies ei vicsniatedelteduanacscaeaiedansrbacsseiniea suis £13.45 
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_| SURVEILLANCE KITS NOW AVAILABLE. SEND TWO FIRST 


UTLX Ultra-miniature Telephone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

All conversation transmitted. Powered from line. 500m range................0 £15.95 


TLX700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than 
UTLX. Connects to line (anywhere) and switches on and off with phone use. All 
conversations transmitted. Powered from line. 1000m range... £13.45 


STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone use. 
All conversations transmitted. Powered from line. Size 22mm x 22mm. 

PE TANS iis iclattivinn terete oecis dcitnenee eo ecteaieatnidclensenl £16.45 


TKX900 Signalling/Tracking Transmitter 

Transmits a continous stream of audio pulses with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. Size 
Z5MM X BSMM. OV Operation .........cccccccccsccscscsecscsccssessscscsscsssscsssescsseesssesees £22.95 

CD400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tome increase as you 
approach signal. Gain control allows pinpointing of source. Size 45mm x 54mm. 9V 
RE aise coin ncrdassnaseiegsiniersactastiaseneti iis rad anions: £30.95 

CD600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation .......0... eee £50.95 

QTX180 Crystal Controlled Room Transmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and 
requires the use of a scanner. receiver or our QRX180 kit (see catalogue). Size 
20mm x 67mm. OV operation. 1000M range. ...........ccceeeccccceesscceessseseesseeeesrenes £40.95 


QLX180 Crystal Controlled Telephone Transmitter 

As per QTX180 but connects to telephone line to monitor both sides of conversat- 
tions. 20mm x 67mm. 9V operation. 1000M range............ cc ceccceeeeeeeeessteeeeeeeeees £40.95 
QSX180 Line Powered Crystal Controlled Phone Transmitter 

As per QLX180 but draws power requirements from line. No batteries required. Size 
32MM X 37MM. Range 500M............ccccccccccesssescscsescscscssscsessssscescecssscssscecsecacaceeass £35.95 
QRX180 Crystal Controlled FM Receiver 

For monitoring any of the ‘Q’ range transmitters. High sensitivity unit. All RF section 
supplied as a pre-built and aligned module ready to connect on board so no difficulty 
setting up. Outpt to headphones. 60mm x 75mm. 9V operation ....... cece £60.95 


A build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send sterling bank draft and add £5.00 per 
order for shipment. Credit card orders welcomed on 0827 714476. 


OUR LATEST CATALOGUE CONTAINING MANY MORE NEW 






CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 








THE WorKsHopPs, 95 MAIN ROAD, 
BAXTERLEY. NEAR ATHERSTONE, 
WARWICKSHIRE CV9 2LE 


VISITORS STRICTLY BY APPOINTMENT ONLY 


‘Tel/Fax: 
0827 714476 


977 













































EXPRESS COMPONENTS 


MAINS IONIZER KIT. Very useful 
kit that increases the flow of negative 
ions, helps clear cigarette smoke, dust, 
pollen etc. Helps reduce stress and 
respiratory problems. £15. kit, £20 
built. 

COMBINATION LOCK. Electronic 
9 key combination lock suitable for 
alarms, cars, houses etc, easily program- 
mable. Includes mains 2Arelay o/p. 9v 
operation. £10 kit, £14 built. 
VARIABLE POWER SUPPLY. 
Stabiized, short circuit protected. Gives 
3-30v DC at 2.5A, ideal for workshop 
or laboratory. £14 kit,£18 built. 24VAC 
required. . 

LEAD ACID CHARGER. Two auto- 
matic charging rates(fast and slow), 
visual indication of battery state. Ideal 
for alarm systems,emergency lighting, 
battery projects etc. £12 kit,£16 built. 
PHONE LINE RECORDER. Device 
that connects to the ‘phone line and 
activates a cassette recorder when the 
handset is lifted. Ideal for recording 
‘phone conversations etc!. £8 kit, £12 
built. 
ROBOT VOICE. Tums your voice 
into a robot voice! answer the phone 
with a different voice!. £9 kit, £13 
built. 

PHONE BUG DETECTOR. This de- 
vice will wam you if somebody is 
eavesdropping on your 'phone line. £6 
kit £9 built. 

PITONE BUG. Small bug powered by 
thetelephoneline. Only transmits when 
the phone is used. Popular surveil- 
lance product.£8 kit, £12 built. 










STROBE LIGHT. Bright strobe light 
with an adjustable frequency of 1-60hz. 
(a lot faster than conventional strobes!) 
£16 kit, £20 built. 

4W FM TRANSMITTER. 3 RF stages, 
audio preamp. 12-18vDC. Medium 
powered bug £20 kit, £28 built. 

3 CHANNEL LIGHT CHASER. 3x 
800w output, speed and direction con- 
trols, can be used with 12 led's (sup- 
plied) or TRIACS for mains lights (also 
supplied). 9-15v DC. £17 kit, £23 built. 
25W FM TRANSMITTER. 4 stage, a 
preamp will be required. (Our preamp 
below is suitable) £79 built.(no kits). 
SOUND EFFECTS GENERATOR. 
Produces any thing from bird chips to 
sirens! add sounds to all sorts of things 
£9 kit £13 built. 

FM/AM SCANNER. Well not 
quite, you haveto turn the knob yourself 
but you will hear things on this radio 
(even TV) that you would not Hear on 
an ordinary radio! A receiver that cov- 
ers 50-160MHZ both AM and FM. Built 
in Sw amplifier. £15 kit, £20 built. 
CAR ALARM SYSTEM. Works on 
vibration and/or voltage drop from door 
etc being opened. Entry and exit delays 
plus adjustable alarm duration. Low cost 
protection! £12 kit, £16 built. 

15W FM TRANSMITTER. 4 stage, 
high power bug. You will need a preamp 
for this (see our preamp below which is 
ok) £69 built. (no kits). 

1W FM TRANSMITTER. 2 stage in- 
cluding preamp and mic. Good general 
purpose bug. 8-30 VDC. 
£12 kit,£16 built. 



































BULK PACKS 


PREAMP MIXER. 3 channel input, 
independent level and tone controls. 
Ideal for use with the hi power FM 
transmitters. £15 kit, £19 built. 
TREMBLER ALARM. Designed for 
bikes etc, adjustable sensitivity, preset 
alarm time, auto reset. Could be adapted 
for all sorts of "borrowable" things £12 
kit, £16 built. 

ULTRASONIC RADAR. A project 
that can be used as amovement detector 
in an enclosed space. Range about 10 
metres,12vDC. Good basis for 
car,shed,caravan alarm etc.£14 kit, £19 
built. 

PITONE CALL RELAY. Very useful 
kit that incorporates a relay that oper- 
ates when the phone rings. Can be used 
to operate more bells, signalling lights 
etc. Good for noisy enviroments or if 
you have your headphones on! £10 kit, 
£14 built. 

PORTABLE ALARM SYSTEM. 
Small 9v alarm system based on a mer- 
cury switch. The alarm contitues to 
sound until disabled by the owner. 
Buzzer included. £11 kit £15 built. 
800W MUSIC TO LIGHT EFFECT. 
Add rhythm to your music with this 
simplesound to light kit. £8 kit, £12 
built. 

MOSQUITO REPELLER. Modem 
way to keep the midges away! Runs for 



















978 





about a month on one 

1.5v battery. Frequency is 
set to drive away mosquitos etc. £7 kit, 
£11 built. 
3 CHANNEL SOUND TO LIGHT. 
Can be used any where as no connection 
is made to hi fi. Separate sensitivity 
controls for each channel, 
1,200Wpowerhandling. Microphone 
included. £14 kit, £19 built. 
MINI METAL DETECTOR. Detects 
pipes,wires etc up to 20cm deep. Use- 
ful before you drill those holes! £8 kit, 
£12 built. 
0-S MINUTE TIMER. Simple time 
switch adjustable from 0-5 mins,will 
switch 2A mains load. 12v op. Ideal for 
laboratory, photographic projects etc. 
£7 kit, £11 built. 

7 WATT EIT FI AMPLIFIER. Useful, 
powerful amplifier 20hz-15hz, 12- 
18vdc. Good for intercoms, audio sys- 
tems, car etc. £7 kit £11 built. 
INCAR SOUND TO LIGHT. Put 
some atmosphere in your car with this 
kit. Each channel has 6 led's that create 
a beautiful lighting effect! £10 kit, £14 
built. 

VOX SWITCIL This is a sound acti- 
vated switch, ideal for use on transmit- 
ters, CB's, tape recorders etc. Adjust- 
able sensitivity, built in delay. Mic in- 
put. £7 kit, £11 built. 








































Nice mix of chips at a bargain price! 





RESISTOR PACK NO 2 TRANSISTOR PACK 
Hi wattage pack, good selection of 50 mixed transistors, another bargain 
mixed wattages and values 50 in all, at £1.00 
bargain price just £1.00 
BUZZER PACK 
PRESET PACK 10 things that make a noise for just 
Nice selection of 25 mixed preset . £1.00! 
pots for just another £1! 
POT PACK 
RELAY PACK NO 1 10 pots for £1, (5 different types) a 
6 mixed relays for £1, thats just 17p snip at £1.00 
each. 
DISPLAYS 
CONNECTOR PACK 10 seven segment displays for 
10 different connectors, again for £1 £1.00 








FUSE PACK NO 2 
30 mixed 1.25" fuses again ideal for . 
spares etc. Just £1.00 


50 I/C's for £1.50 



















CERAMIC CAPACITOR PACK 
Good mixed pack of 100 capacitors 
for just £1.00 


WIRE PACK 
25 Metres of insulated wire for just 
£1.00, good for projects etc. 
ELECTROLYTIC PACK 1 
100 small mixed electrolytic 
capacitors just £1.00 





SLEEVING PACK 
100 assorted pieces of sleeving for 
















ELECTROLYTIC PACK 2 connectors etc. Yours for just £1.00 
50 larger electrolytic mixed 
capacitors DIODE PACK 
100 assorted diodes for just £1.00 
RESISTOR PACK NO 1 


LED PACK 
20 light emitting diodes for £1.00 


250 low wattage resistors, ideal for 
most projects etc. Just £1.00 

















































FUSE PACK NO1 ORDER 10 PACKS OR MORE 
40 mixed 20mm fuses, ideal for AND CHOOSE ONE FREE 
repairs etc, or just to stock up the PACK!! 
spares box! Just £1.00 FREE COMPONENT CATA- 


LOGUE WITH EVERY ORDER!! 


KITS 'N MODULES 


LIQUID LEVEL DETECTOR. low a telephone conversation without 
Useful item, can be used to detect holding the handset to your ear! £11 kit 
fluid levels in watertanks, baths, ponds £15 built. 

fishtanks etc. Could also be used as rain 
alarm with an easily constructed sen- 
sor. £5 kit, £9 built. 

FM TRANSMITTER. Mini FM trans- 
mitter 2 transistor, comes with FET 
minature mic and is tuneable from 63to 12vFLOURESCENT. Ausefiul kit that 
130MHZ. £7 kit, £11 built. willenable youto light large flourescent 
FUNCTION GENERATOR. Gener- tubes from your car battery etc. 9v mains 
ates sinusoidal, saw tooth and square transformer required. £8 kit, £12 built. 


waveforms from 20hz up to 20khz. Sepa- 
KNOB PACK’ 
10 knobs for just £1.00 


rate level controls for each wavefonn. 
24vac. £15 kit, £20 built. 
5S WATT SIREN. Powerful siren kit 
with an impressive 5 watts output. Ideal 

REMEMBER! YOUR FREE COPY 
OF OUR CUT PRICE COMPO- 
NENTS CATALOGUE SENT 
WITH EVERY ORDER!!! 






























SWITCH PACK 


10 switches for just £1.00 


















for alarms etc. £6 kit £10 built. 

TELEPHONE AMPLIFIER. Very 
sensitive amplifier which using a ‘phone 
pickup coil (supplied) will let you fol- 

















How to place your order......... 
By phone.......... 0273 771156 
By FAX occ... 0273 206875 


By Post...PO box 517 Hove Sussex BN3 5QZ 


Payment by ACCESS, VISA, CHEQUE OR POSTAL ORDER. 

Cheques and postal orders should be payable to Express Components. 
ALL PRICES ARE SUBJECT TO99p POST AND VAT. Some of our products 
may be unlicensable for use in the UK (particularly the FM transmitters.) 
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ADVANCED TENS UNIT by Andy Flind 460 
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~ AMPLIFIER, VALVE 112,134 
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1000V/500V INSULATION TESTER by Mark Stuart 822 
6802 DEVELOPMENT BOARD by Aichard Stone 608 





SPECIAL SERIES 


ACTUALLY DOING IT, TECHNIQUES by Robert Penfold 
76, 164, 234, 384, 400, 449, 624, 876, 934 
AMATEUR RADIO by Jony Smith G4FA1 
84,172, 244, 328, 466, 556, 640, 713, 804, 888, 976 


BEST OF BRITISH 


by Terry de Vaux-Balbirnie 274, 364, 438, 520, 622 by Mike Tooley, B.A. 748, 854, 924 
1 — Introduction 748 
CIRCUIT SURGERY by A/an Winstanley 2 — Capacitance, Inductance, A.C. Circuits 854 
26, 120, 202, 293, 360, 428, 516, 605, 672, 738, 920 3 — Semiconductors 924 
Aquarium Thermostat 917 | 
Astable and Monostable Timing 293. INGENUITY UNLIMITED ; 846 
Battery Back-Up 120, 294, 605 Auto Power Down 846 
Bilge Pump Controller 429, 673 L.E.D. Voltmeter 848 
Bistable Briefing 361 Liquid Crystal Display Tester 846 
Capacitor Problem 360, 605 Simple Lights-On Alert 847 
Car Battery Monitor 607 Voltage Drop Car Alarm 847 
Car Electrics Probe 516, 674 
Coil Winding 920 INTERFACE by Robert Penfold 
Education Service 295 54, 144, 226, 298, 392, 476, 540, 616, 704, 794, 844, 952 
D.C. Motor Controller 738 
Fuses 203 CALCULATION CORNERDy Steve Knight 
Halogen Lamp Protector 428 50, 146, 219, 312, 352, 442, 542, 598, 684, 780 
Lamp Dimmer, Mains 204 1 - Getting to Know the Basics 50 
Light Box for PCBs 921 2 -Ohm’'s Law 146 
Low Voltage Monitor 27 3 -Work, Energy and Power 219 
Marine Battery Back-Up 605 4 - Measuring Instruments 312 
NiCad Charger Conversion 739 5 - Capacitors 352 
Power Factors 672 6 —- Time Constants 442 
Printed Circuit Boards 921 7 - Getting to Know Decibels 542 
Reed Relays 120 8 — Kirchoff's Law 598 
Regulator Protection 606 9-A.C. Theory 684 
Semiconductors, Checking Unmarked 202 10-A.C. Theory continued 780 
Shock Horror 361 
Shed Some Light 429 SAFETY FIRST by Jerry de Vaux-Balbirnie 28, 150, 206 
GENERAL FEATURES 
I'LL BE SEEING YOU by A/an W. Rudge 586 
CHICAGO CONSUMER SHOW by Barry Fox 838 INVISIBLE FORCE, THE by Mike Crow 694 
DOWN TO EARTH by George Hylton 798,867 NEWS 22, 108, 194, 270, 355, 425, 509, 582, 664, 736, 826, 916 
ne NEW TECHNOLOGY UPDATE dy /an Poole 
15, 103, 189, 261, 345, 417, 501, 573, 657, 729, 821,905  wTcopEN ie ie Mp yp ecaiicge eh eattncnnanl Peneaph oe 
ELECTRONICS WORKBENCH REVIEW by Mike Tooley 285 
ELECTRONIC TESTING AND FAULT DIAGNOSIS 64 PLEASE TAKE NOTE 69, 362 
EMBEDDED CONTROLLERS by John Davies | 941 Battery to Mains Inverter "69 
EUROPEAN INTERNATIONAL AUDIO & VISUAL FAIR CCD TV Camera 362 
by Barry Fox 122 Christmas Tree Lights Flasher, Three-Way (Dec ‘93) 69 
MOSFET Variable Bench PSU 362 
FOX REPORT by Barry Fox Waterproof Delay Switch (Dec ‘93) 69 


68, 132, 236, 319, 398, 458, 508, 702, 784, 936 


HOME BASE by Terry Pinnell 154, 238, 296, 534, 625 


Train Sound Effects $17'': 
Water Probe 672 
Zener Diodes 26 
555 Timer Triggers 516 


ELECTRONICS FROM THE GROUND UP 


SHOPTALK with David Barrington 
69, 143, 225, 295, 362, 465, 518, 581, 674, 783, 868, 918 


SPECIAL OFFERS AND SERVICES 


ADVERTISERS’ INDEX 
88, 176, 248, 332, 404, 488, 560, 644, 716, 808, 892, 984 


COMPONENT CATALOGUE 

(Bull Electrical ‘95 96-page) banded with Dec ‘94 
COMPONENT CATALOGUE 

(Display Electronics 32-page) between 44/45 
COMPONENT CATALOGUE 

(Greenweld ‘95 196-page) banded with Nov ‘94 
COMPONENT CATALOGUE 

(Greenweld 48-page Summer) between 524/525 
COMPONENT CATALOGUE 

(Greenweld 32-page Winter) between 132/133 


980 


DIRECT BOOK SERVICE 
79, 167, 239, 323, 395, 479, 551, 635, 707, 799, 883, 971 
DISPLAY ELECTRONICS NEWS (32-page) between 44/45 


ELECTRONICS FORMULAE - 1 Wall Chart Free with Mar ‘94 
ELECTRONICS FORMULAE - 2 Wall Chart Free with April ‘94 
ELECTRONICS PRINCIPLES 
34, 133, 228, 378, 484, 535, 634, 712, 798, 866, 962 
ELECTRONICS VIDEOS . 
78, 166, 229, 292, 379, 448, 554, 604, 706, 764, 852, 963 
ELECTRONICS WORKBENCH SOFTWARE DISC 
: Cover Mounted — Oct ‘94 
PRINTED CIRCUIT BOARD SERVICE 
82, 170, 242, 327, 399, 482, 555, 638, 711, 802, 886, 975 
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FCB Designer 
For Windows 3.1 

Runs on any PC running 
Windows in standard or 


enhanced mode 
with 2MB 


LOOKING FOR... 
ICs * 


TRANSISTORs * SEMIs? 
especially those hard to find? 


Why not give us a buzz? 
WE STOCK A MASSIVE RANGE 


We specialise in devices with the following prefix 
(to name but a few): 


ip _2N 2SA 2SB 2SC 2SD 2SJ 2SK AN BA BC BD BDT BF 

ia ‘BFR BFY BFX BU BUK BUT BUV BUW BUZ CA DTA — 
HA IRFLALBLCLF LMM MC MJ MJE MM MPS 
MPSA MPSU NE RC SAA SAB SDA SI SL SN STA 
STK STR TA TBA TC TDA TIP TEA TL UAA ULN UPC 
XR ZN ZTX... plus daily arrival of new numbers. 


ALSO 
RESISTORS * CAPACITORS * CHOKES * CABLES 
LEADS * CONNECTORS x VIDEO HEADS * DRIVE BELTS 
SWITCHES * TTL * CMOS * OP AMPS * VOLTAGE REGS 
SPECIAL FUNCTION * TRANSFORMERS ETC ETC ETC 


WE SPECIALISE IN PHONE & FAX MAIL ORDERS 


BY CREDIT CARD eee 


Callers & Mail orders welcome 


rey-1 (0) 4m =a 11010) 9m enn -10)\ er 


40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET 
TEL: 081 452 0161 & 081 4500995 FAX: 081 208 1441 


CATALOGUE DUE OUT AUTUMN 1994 !1! 


















SE 


ePrice Single or Double sided PCE PCBs. 
Print out to any Windows supported printer. 
Toolbar for rapid access to 9 come used 


components. 
‘Helpful prompts on screen as you wore 


Pads sizes fully customisable. 





AN sf 


No charges for technical support. 
Snap-to grid sizes 0.1", 0.05" 0.025" and 
unrestricted. oo 
SMT pads and other pad shapes. 


Positive reviews by Robert Penfold and Pau 
copies available on request. 


SN Nas 


Nos 





22 Tavistock Drive, Belmont Hereford, HR2 7XN. 
Please Note: Since PCB designer is so easy to use, and to keep costs down, PCB Designer has an On-Line 
manual, in Windows Help format. A FREE tutorial is also supplied. 





Inverter toroidal transformers 225VA 10:5-0-10-5V 
primary 0-260-285V secondary £29.95 

LEDs 3mm or 5mm red or green 6p each, yellow 
11p each. High intensity red, green or yellow, 
5mm 30p each. 

ie 1p each, £5.95 per 1000, £49.50 per 


High quality photo resist copper 
clad epoxy glass boards 
Dimensions single-sided double-sided 
3x4 inches £1.09 £1.23 
4x8 inches £2.75 £2.99 
6x12 inches £6.20 ~ 
12x12 inches £12.25 - 


RECHARGEABLE BATTERIES 

AA (HP7) 500mAH 

AA 700mAH 

C 2AH with solder tags 

D 4AH with solder tags 

1/2AA with solder tags 

AAA (HP16) 180mAH 

AA 500mAH with solder tags 

C (HP11) 1-8AH 

D (HP2) 1-2AH 

PP3 8-4V 110mAH 

Sub C with solder tags 

1/3 AA with tags (Philips CTV) 

Standard charger, charges 4 AA cells in 5 hours 
or 4Cs or Ds'in 12 to 14 hours + 1xPP3 (1, 2,3 
or 4 cells may be charged at a time) 5.95 

High power charger, as above but charges the 
Cs and Ds in 5 hours; AAs, Cs and Ds must be 
charged in twos or fours £10.95 

Nickel Metal Hydryde AA cells, high capacity 

with no memory; 1000mAH £3.85; 1200mAH..£4.40 


SPECIAL OFFERS - PLEASE CHECK 
FOR AVAILABILITY 
42mm x 16mm dia. 1:2V 
Stick of 4171mm x 16mm dia., with red 
and black leads 4:8V 
Computer grade capacitors with screw terminals, 
38000pF 20V £2.50; 87000,F 10V £1.95; 
68000uF 15V £2.95; 10000pF 16V £1.50; 
58000uF 60V £4.95 
7- oe common anode |.e.d. display, 


12m 
LM2931 AT 5.0 low drop out 5V 
regulator T0220 package 0.8 
7812 and 7912 12V 1A regulators. .£26.00. per 100 
LM337K TO3 case variable ee £1.95 
100+ £1.44 each 
GaAs F.E.T. low leakage current $8873 £12.95 


each, £9.95 10+, £7.95 100+ 
BS250 p-channel MOSFET ... 
BC559 transistor 
74LS05 Hex inverter 
Used 8748 Microcontroller... 
SL952 UHF Limiting amplifier, LC 16 surface . 
mounting package with data sheet: 43 
AM27S02 £1.25 each; 90p 100+ 
10p 100+, 6p 1000+ 
Sinclair light gun terminated with a jack plug and 
PP3 clip gives a signal when pointed at 50Hz 
flickering light, with output waveform chart ..£3.95 
DC-DC converter, Reliability model, V12P5, 12V 
in 5V 200mA out, 300V input to output isolation, 
with data £4.95 each or pack of 10 - £39.50 
Hour counter used 7 digit 240V a.c. 50Hz...£1.45 


acest evinsioutenis eae 45p 


goa keyboard, 58 key Z0ud quality switches, 
£5.00 


Ria A82903-C large stepping motor 14V 
7-5° step,'27 ohm, 68mm dia. body, 6.3mm 
£8.95 or £200.00 for a box of 30 
Polyester capacitors, box type, 22.5mm lead pitch 
0-9uF 250V d.c. 18p each, 14p 100 +, 9p 1000 + 
1pF 250V d.c. 20p each, 15p 100+, 10p 1000 + 
2: ‘Dur 250V d. c. 30p each, 20p 100 + , 15p 1000+ 
3:3uF 100V d.c. 30p each, 20p 100 +, 15p 1000+ 
1,:F 50V bipolar electrolytic axial leads, 15p each, 
7:5p 1000+ 
0: 22,\F 250V polyester axial leads, 15p each, - 
100+7-5p each 
Polypropylene 1uf 400V d.c. (Wima MKP10) 
27.5mm pitch, 32 x 29 x 17mm case, 75p each, 
60p 100+ 
Philips 123 series solid aluminium axial leads, 
33yF 10V & 2.2unF 40V 40p each, 25p 100 + 
Philips 108 series 22uF 63V axial 
30p each, 15p 1000 + 
Multilayer AVX ceramic capacitors, all 5mm 
pitch, 100V 100pF, 150pF, 220pF, 10,000pF 
(10n) 10p each, 5p 100+, 3.5p 1000 + 
500pF compression trimmer p 
40uF 370V a.c. motor start capacitor (dialectrol type 
containing no p.c.b.s)....2...... £5.95 or £49.50 for 10 
Welwyn W23 9W 120 ohm 35p each, 20p 100 + 
680 ohm 2W metal film resistor 
4p 100+, 2p 1000+ 
Solid carbon resistors, very low inductance, ideal 
for r.f. circuits, 27ohm 2W, 680hm 2W 25p each, 
15p each 100+ 
we have a range of 0:25W, 0-5W, 1W and 2W 
solid carbon resistors — please send SAE for list 
P.C. 400W PSU (Intel part 201035-001) with 
standard motherboard and 5 disk drive 
connectors, fan and mains inlet/output 
connectors on back and switch on the side (top 
for tower case) dims. 212 x 149 x 149mm 
excluding switch, £26.00 each, £138.00 for 6 
MX180 Digital multimeter 17 ranges, 1000V 
d.c. 750V a.c. 2Mohm 200mA transistor Hfe 9V 
and 1.5V battery test 
AMD 27256-3 EPROMS £2.00 each, £1.25 100+ 
DIL switch 3PCO 12 pin (ERG SDC-3-023) 60p 
each; 40p 100+ 
Disk Drive Boxes for a 5:25 disk drive, with room 
for a power supply, light-grey plastic 67mm x 
268mm x 247mm £7.95 or £49,50 for 10 
Handheld Ultrasonic remote control ; 
CV2486 gas relay 30mm x 10mm dia. with 
3 wire terminals, will also work as a neon 
ig 20p each, £7.50 per 100 
A23 12V battery for car alarms or lighters 
75p each, £50 100+ 


All products advertised are new and unused unless 
otherwise stated. 


Wide range of CMOS TTL 74HC 74F Linear 
Transistors kits, rechargeable batteries, capacitors, 
tools etc. always in stock 


Please add £1.95 towards P&P 
VAT included in all pri 


JPG ELECTRONICS 


276-278 Chatsworth Road 
Chesterfield S40 2BH 
Access/Visa Orders: (0246) 211202 


Callers welcome 


Everyday with Practical Electronics, December 1994 


WE HAVE THE WIDEST CHOICE OF USED 
OSCILLOSCOPES IN THE COUNTRY 


TEKTRONIX 7000 SERIES OSCILLOSCOPES 
Available from £200 - PLUG-INS SOLD SEPERATELY 


TEKTRONIX 485 Dual Trace 350MHz Delay Sweep 
TEKTRONIX 475 Dual Trace 200MHz Delay Sweep 
TEKTRONIX 465B Dual Trace 100MHz Delay Sweep 
TEKTRONIX 465 Dual Trace 100MHz Delay Sweep: 
TEKTRONIX $C504 Dual Trace 80MHz in TM503B 
TEKTRONIX 2215 Dual Trace 60MHz Delay Sweep 
TEKTRONIX 455 Dual Trace SOMHz Delay Sweep. 
IWATSU $SS5711C 4 Channel 100MHz Delay with DMM.. 
TRIO CS2070 4ch 70MHz Delay 

HITACHI V650F Dual Trace 60MHz Delay Sweep. 
PHILIPS PM3217 Dual Trace SOMHz Delay Sweep. 
TELEQUIPMENT D83 Dual Trace SOMHz Delay 
GOULD 0$1100 Dual Trace 30MHz 

IWATSU SS5702 Dual Trace 20M+2.... 

GOULD 0S250B Dual Trace 15MHz 


HP. 86408 Sig. Gen. SOOKH2-1024MHz 

HP. 8620C Sweep Oscillator with B6245A 5:9-12:4G 

SYSTRON DONNER 1702 Synth. AM/FM Sig Gen 100H2-1G 

RACAL 9081 Synthesized Sig Gen 5-520MHz 

FARNELL $SG520 Synthesized AM/FM Sig Gen 10MHz-520Mt2...... 
MARCONI TF2008 AM/FM Sig. Gen. 10kHz-510MHz Sweep Facilty......€ 
MARCONI TF2015 AM/FM Sig, Gen. 10kHz-510M#z.... . 
MARCONI TF2015 With Synchronizer TF2171 (lock bo 

MARCONI TF2016 FM Sig. Gen. 10kHz-120MHZz 

MARCONI TF2016 With Synchronizer 2173 (lock bo: 

PHILIPS PM5326 AM/FM Sig. Gen. 100kH2-110MHZz 

MARCONI TF2002B AM/FM Sig. Gen. 10kH2-88MHz with 

H.R. SMITH ANTENNA type 12-602-4 

MARCONI 6500 Automatic Amplitude Analy 

RACAL INSTRUMENT RECORDER type Store 4D! 

HP. 3575A Gain Phase Meter 1Hz-13MHz 

MARCONI TF2337 Automatic Distortion Meter 

SAYROSA Automatic Modulation Meter type 252B 

RACAL 9104 RF Power Meter 1MHz-1GHz; 10mW-300W 

RACAL 9100 Absorption Wattmeter 1-5MHz-520MHz; 300mW: 
TEKTRONIX CPS250 Trp. Output PSU 2x20 VO'5A Var; 5V2A Fxd. ..€225 


TEKTRONIX CFG250 Function Gen. 0:2H2-2MHz Sine/Sq/Tri etc... 4 


TEKTRONIX CDM250 Digital Multimeter 3" .digit LED 


SPECTRUM ANALYSER 
HP. 8565A 0:01-22GHz £5000 
H.P. 3580A LED 0-SMHZ-SOKHZ ; 


HP. 141T with 8554B & 85528 SOOkHz- 

HP. 141T with 8553B & 8552A 1kH2-110MHz 

MARCONI TF2370.. 30H2-10MHz a 
HP. 8444 & 8443 Tracking Generators. Available fro 
H.P.141T Main Frames Only. Good Tubez............... 


HP 3456A 6' digit. DC/True RMS AC/Res. HPIB 

EIP/DANA 351D Microwave Frequency Counter 20H2-18GHZ. 
HP 5341A Frequency Counter SOMHz-1:5GHz LED... 

MARCONI 2435 Digital Frequency Meter 2CHz 

RACAL 1998 Freq. Counter 1:3CHz (options GPIB & High Stab). 
RACAL 1991 Universal Counter /Timer 180MHz 9 digit....... 
MARCONI 2437 Universal Counter /Timer DC -100MHz 8 d 
MARCONI! 2431A Frequency Counter 10Hz-200MHz 8 digit 
MARCONI 2430A Frequency Counter 10Hz-80MHz 8 dig 
RACAL 9918 Frequency Counter 10H2-520MHz 9 digit.. 
RACAL 9913 Frequency Meter10Hz-200MHz 8 digit 

RACAL 9901 Universal Counter /Timer DC-50MHz 6 

RACAL 9901 Frequency Meter’10Hz-120MHz 7 digit 

DATRON 1061 65 digit Autocal Multimeter True RMS AC/Current 
HP. 3490A 5 digit Multimeter AC/DC/Ohms. 

HP. 3435A 3-5 digit Multimeter AC/DC/Ohms/Current LED 
PHILIPS PM2534 Multi Function DMM 3:5-6'5 digit GPIB/IEE 
SOLARTRON 7150 65-3'5 digit DMM with IEEE 

SOLARTRON 7045 4:5 digit Multimeter Volts/Amps/Ohm 
WAYNE KERR B905 Automatic Precision Bridge 0.05%. 
MARCONI TF2700 Universal Bridge, Battery Operat 

MARCONI TF1313A Universal LCR Bridge 0-1 % 

HEATHKIT IB RLC Bridge 

BRADLEY 192 Oscilloscope Calibrator........ 

WILTRON 560 Scaler Network Analyser with Detecto 

H.P. SO0SA Signature Analyser 

FARNELL H30/100 0-30V; 0-100A. Metered... 

FARNELL TVS70 Mk2 70V 5A/35V 10A, Meter 

FARNELL B30/10 30V; 10A Variable 

FARNELL L30E 0-30V; 0-5A. Metered £125 
MARCONI (WEIR) TF2154 0-30V tA 0-15V 2A; 0-7:5V 4A Metered...£60 
H.P.6516A 0-3Kv; 0-6mA Metered... £150 
BRANDENBURG 472R PSU + 

FEEDBACK FG600 Sine/Sq/Tri 

LYONS PG7‘N Pluse Gen. PRF 1Hz-20MHz 10nSecs. 

FARNELL PG101 Pulse Gen . 100nSecs 10MHZ (1Sec 1H7).... 
LINDON LA’ Mk2B Audio Analyser 

UNAOHM EP501 Audio Analyser 

PHILIPS PM5518 Colour TV Pattern Generator 

RADFORD LD04 Low Distortion Oscillator 

RADFORD LDMS2 Low Distortion Measuring Se' 

MARCONI TF2163 Attenuator DC-1GHz 

MARCONI TF893B audio Power Meter Sina 

H.P. 1630D Logic Analyser 43ch 

H.P. 8405A Vector Voltmeter 1-1000Mhz fro 


NEW EQUIPMENT 


asec hres HM1005 Triple Trace 100MHz an 

HAMEG aatecens HM604 Dual Trace 60MHz Delay Sweep... £653 

HAMEG OSCILLOSCOPE HM303 Dual Trace 30MHz Comp. Tester... £392 

HAMEG OSCILLOSCOPE HM205-3 Dual Trace 20MHz Digital Storage... 6653 
All other models available - all oscilloscopes supplied with 2 probes 

BLACK STAR EQUIPMENT (PAP all units £5) 

APOLLO 10 100MHz Counter Timer Ratio/Period/Time int. etc 

APOLLO 100 100M#z (as above with more functions) 

METEOR 100 FREQUENCY COUNTER 100MHz 





Used Equipment - Guaranteed. Manuals ae if possible. 
This is a VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before 
ordering. CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage. 


STEWART OF READING 


KN 110 WYKEHAM ROAD, READING, BERKS RG6 1PL Hi 


Tel: 0734 268041 





Fax: 0734 351696 Callers welcome 9am to 5.30pm MON-FRI (UNTIL 8pm THURS) 
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Everyday with Practical Electronics reaches twice | 
as many UK readers as any other independent 
monthly hobby electronics magazine, our audited 
sales figures prove it. We have been the leading 
independent monthly magazine in this market for 
the last nine years i 


If you want your advertisements to be seen by the largest readership at the most economical price our classified and 
semi-display pages offer the best value. The prepaid rate for semi-display space is £8 (+VAT) per single column centimetre . 
(minimum 2.5cm). The prepaid rate for classified adverts is 30p (+ VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday with Practical Electronics. VAT must be added. Advertise-_ 
ments, together with remittance, should be sent to Advertisements, Everyday with Practical Electronics, Holland Wood House, . 
Church Lane, Great Holland, Essex CO13 OJS. Phone/Fax (01255) 850596. 


For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above. | 





* *& * SURVEILLANCE KITS x & x 


| MRT1 MICRO TRANSMITTER, 26mm x 20mm including sensi- 
tive electret microphone, tuneable 80-115MHz, 500M range. 
Kit £4.95, Assembled £8.95. 
MTT1 TELEPHONE TRANSMITTER, 35mm x 10mm, powered 
from line, transmits all conversations, 500M range, 80- 
120MHz. Kit £5.95, Assembled £10.95. 


All prices include p&p. Send 2x2nd class stamps for Catalogue. 
_ Cheques/P.O.s payable to: 


| >, @ of =] Bl =) fe] o) [om p-ad oy -7 5) om 1 =) 9) 
Unit 14, Sunningdale, Bishop's Stortford, Herts CM23 2PA 


BTEC ELECTRONICS 
TECHNICIAN 
FULL-TIME TRAINING 


THOSE ELIGIBLE CAN APPLY FOR E.T. GRANT SUPPORT 
AN EQUAL OPPORTUNITIES PROGRAMME 


O.N.C., O.N.D. and H.N.C. 


Next course commences 
Monday 9th January 1995 
FULL PROSPECTUS FROM 


Me) oXe)\ 1m ous 10) \| (oxsnere) MM =e) = 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: 071-373 8721 





Srgm@ ASTRA Desk Top Accounting™ 


Overture - Invoicing, Sales, Nominal, VAT, etc 
i Premier - plus Stock, Jobs, EPOS, etc 
tiesmated Professional - plus Multi-Currency/Depts, etc 


S&S Systems Ltd, Bretton Court, Manor Road, Wales 
Sheffield, S31 8PD, UK. (Software distributors and Apple dealers) 
Tel: (01909) 773399 ¢ Fax: (01909) 773645 © Int Code: +44 1909 


The Amazing CLEANFIT wirefree 
Alarm System 
@ Protects homes, cars and outbuilding. 
@ Advanced radio technology linked detectors 
@ DTI Approval type MPT 1340 
@ Fitted in under 2 hours 
@ Full remote control operation 
LOWEST PRICES IN UK 
Free Info Pack. Tel: 0246 240800 or Fax 0246 240400 


THE VINTAGE ELECTRONICS 
AND WIRELESS LISTING 


Published regularly, contains for sale hundeds of old, modern 
and out of print Electronics and Wireless Books, Magazines. 
Surplus and obsolete components, spares, valves, semicon- 
ductors, electronic and wireless equipment. Send six first 
class stamps for next catalogue or £3.75 for next four issues. 

Dept. E. CHEVET SUPPLIES LTD., 

157 Dickson Road, Blackpool FY1 2EU. 
Tel: 0253 751858 Fax: 0253 302979 





f Solid State 


| = |.“ (=~ Lightning Generator 

, 100,000 Volts DC 

Operates from 12-15V DC 
Lab quality device 
Caution required 


Complete kit £119.50 


Assembled and tested 
~ £189.50 
Cheque and postal orders to A. Radley 


12 Orford Avenue, Warrington, 
Cheshire WA2 7QL 


Zi\ 


982 





Mini C.C.D. camera only 
32x32mm complete with 
3.8mmwide view lens and 9v 
power supply. Plugs directly 
into most types of video 
recorders using the video 
input. Min. iftumination 0.3 Lux. 
Standard mini board camera 
(uncased) only 

» £195 including carriage . 

& ALSCO 

& Astiey House, 

& Johnson St Tyldesley, 

= Manchester, 

& M29 SAB. 

* Tel. 0942 893573 


RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY 


1 to 24 volts up to % amp. 1 to 20 volts up to 1 amp. 1 to 16 volts up to 1% 
amps d.c. Fully stabilised. Twin panel meters for instant voltage and cur- 


| Operates from £45 VAT 


alone nit + Post and 

u i s . 
Size9x5%3x3in, ee insurance £4 
NEW MODEL. Up to 38volts d.c. at 6 amps. 10 amps peak. Fully variable 
Twin panel meters, Size 14% x 11 x 4%in. £96 inc VAT. Carr £6. 


RADIO COMPONENT SPECIALISTS 


337 WHITEHORSE ROAD, CROYDON 
SURREY, U.K. Tel: 081-684 1665 


List, Large SAE. Delivery 7 days. Callers welcome. Closed Wednesday 





THE BRITISH AMATEUR 
ELECTRONICS CLUB 


exists to help electronics enthusiasts 
by personal contact and througha 
quarterly Newsletter. 


For membership details, write to the 
Secretary: 


Mr. J. F. Davies, 70 Ash Road, Cuddington, 
Northwich, Cheshire CWS 2PB. 


Space donated by Everyday with Practical Electronics 


FRASER 
ELECTRONICS 


NEW CATALOGUE/PRICE LIST 
_ NOW AVAILABLE — 76 PAGES 


3000 items at competitive prices! 












Batteries e Buzzers e Cable e Displays 
Capacitors e Cases e Connectors e LDR : 
CMOS e Crystals e Data switches e Diodes 


Displays e Fuses elntegrated circuits 
Knobs @ LEDs e Loudspeakers e Relays 
Resistors @ Solder equipment e Switches 
Transformers @ Transistors e@ Triacs e etc 


For your copy, send your name and 
address, with 50p (stamp) towards 
cost of carriage to: 


FRASER ELECTRONICS 


42 Elm Grove, Southsea, Hants PO5 1JG 








| Miscellaneous 


PROTOTYPE PRINTED CIRCUIT BOARDS 
one offs and quantities, for details send s.a.e. to 
B. M. Ansbro, 38 Poynings Drive, Hove, Sussex 
BN3 8GR, or phone Brighton 883871. 
G.C.S.E. ELECTRONICS KITS, at. pocket | 
money prices. S.A.E. for FREE catalogue. 
SIR-KIT Electronics, 70 Oxford Road, Clacton, 
CO15 3TE. 
PLDs AND EPROMS copied or programmed. 
We supply logic devices/convert discrete logic to 
PLDs. Also PCBs designed. Send for details to 
PO Box 1561 Bath (0225 444467). 
PROTECT YOURSELF AGAINST 
COMPUTER/T.V. EMANATIONS. Fix our 
Harmonisers to your instruments/sets. Small, 
innovative, different. Future Concepts, 19 
Noa Avenue, London, N10 2EA. 081-883 © 
767. 
AUDIO COMPRESSOR/EXPANDER KIT. All 
components supplied. Input 10mV-1V. Output 
90mV_ r.m.s. (nominal). Power requirements 6 
volts d.c. 10mA (typical). £12.95 inc. postage. Star 
Designs, 67 Medoc Close, Cheltenham GL50 4SP. 
SOLAR TECHNOLOGY CATALOGUE. New, 
3rd edition, 50 pages with wide range of security 
lights, portable lamps, battery chargers, in- 
dividual solar cells, small motors and many other 
components. Send £5 (£3 refund on order) to: 
SPI Ltd/EPE, 2la Broadwalk, Pinner Road, 
North Harrow, Middlesex HA2 6ED. Tel: 
081-424 0262 (Fax: 424 0824). 
VALVE ENTHUSIASTS: Capacitors and other 
parts in stock. For free advice/lists please ring, 
Geoff Davies (Radio), Tel: 0788 574774. 
PRINTED CIRCUIT BOARDS - QUICK 
SERVICE. Prototype and Small Production. We 
can raise your artwork from magazines or your 
draft designs at low cost. PCB’s also designed 
from schematics. For details send to P. Agar, 54 
Forthill Street, Enniskillen, BT74 6AJ or phone 
0365 326800 (7 days). . 
OSCILLOSCOPE. Farnell DTV 60 3 Channel 
8 Trace 60MHz with manual probes and soft 
case. Current model, in absolute pristine condi- 
tion. Cost £779 sell for £365. Tel: evenings 0272 
407599. 
FREE Variable Power Supply +12 project 
catalogue £1 P&P. Poweramps, 60 watt £5, TO3 
abe ex-equipment. K.I.A., 1 Regent Road, 
ey. 
HUNDREDS of unusual items cheap! Send £1 
coin for interesting samples and list. Grimbsy 
Electronics, Lambert Road, Grimsby. 





This 22cm space in 
Everyday with 
Practical Electronics 


Would ONLY cost you 


£20 var 


1000 MIXED VALUE 
RESISTORS 

Intelligent mix “uw 5% CR25 

Carbon film. Full E12 range. £7.S0inc 

4R7 to 10M 64 different values. ee 

Satisfaction Guaranteed. 


KARE ELECTRONICS 


32 Pear Tree Avenue, Ditton, Aylesford, 
Kent ME20 6EB. 0732 844633. 
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MAKE YOUR INTERESTS PAY! 


Over the past 100 years more than 10 million students throughout the world have found it worth 
- their while! An ICS home-study course can help you get a better job, make more money and 
have more fun out of life! ICS has over 100 years experience in home-study courses, and is the 
largest correspondence school in the world. You learn at your own pace, when and where you 
want under the guidance of expert ‘personal’ tutors. Find out how we can help YOU. Post or 
phone today for FREE INFORMATION on the course of your choice. (Tick one box only!) 










GCSE/'A' LEVEL over 20 examination subjects to choose from. Ask for details. 


TV, Video & Hi-Fi Servicing [| 
Refrigeration & Air Conditioning [] 


PC Repair 
Computer Programming [| 


Electronics 


OO 


C & G Basic Electronic Engineering 






Electrical Engineering 





LO) 


§ Electrical Contracting/Installation 


‘ Mr/Mrs/Miss/Ms 
; Address 








iil P.Code 
International Correspondence Schools, Dept. ECS C4, 312/314 High Street, 
IGS Sutton, Surrey SM1 1PR. Tel: 041-221 7373 (24 hours). Fax: 041-221 315 


ae ED N 
Cooke International 


SUPPLIER OF QUALITY USED TEST INSTRUMENTS 


ANALYSERS, BRIDGES, CALIBRATORS, VOLTMETERS, GENERATORS, 
OSCILLOSCOPES, POWER METERS, ETC. ALWAYS AVAILABLE 


ORIGINAL SERVICE MANUALS FOR SALE 
~ COPY SERVICE ALSO AVAILABLE 


EXPORT, TRADE AND U.K. ENQUIRIES WELCOME 
SEND LARGES.A.E. (50p POSTAGE) FOR LISTS OF EQUIPMENT & MANUALS 
ALL PRICES EXCLUDE VAT AND CARRIAGE 
DISCOUNT FOR BULK ORDERS SHIPPING ARRANGED 


OPEN MONDAY TO FRIDAY 9AM-5PM 


Unit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis, 
West Sussex, PO22 0EB . 
Tel (+ 44) 0243 545111/2 Fax (+ 44) 0243 542457 


EQUIPMENT & ACCESSORIES PURCHASED 

























ees 7-4 od) ee) em m-flo) | lomere) i -fe), 15) aa 
Tel: 0452 526883 
Spares for TV * Video * Audio * Computer Equipment 


VIDEO SPARES COMPUTER SPARES 
We can supply Pinch Rollers, Idlers, Belt PHILIPS MONITORS EQUIPMENT MANUALS 
Kits, Heads + many other Service & | CM8833 Line O/P Tx *NO VAT ON MANUALS* 
Specific parts for over 160 makes. CM11342 Line O/P Tx....£24.49 ...., 

F £8 Philips CM11342 Service...£9.99 

TV - SATELLITE CM9073 Power Switch.....£8.63 5 ins CM8833 Service....£8.55 

AUDIO SPARES AMSTRAD Ams. PCW9512 Service...£14.53 
Switches, Transformers, Semiconductors, | CPC464 Keyboard ‘ 


etc., etc. Large range available. 40054 ROM (+ 2) Peleg 8h pe Parla Pree 
EQUIPMENT MANUALS 


CBM C64/C64C Service...£14.99 
selection of Manufacturers CBM 64 Use?.........cccceeeees £5.49 
CBM C64C User................. £4.99 
CBM C+4 Uset........0:000000 £5.49 


SELECTED CHIPS 

83728 (A3000) 27C256-200NS.......ssessseeeeees £3.50 

MB81416-12 (C16) Atari ST-DMA 
FLYBACK TRANSFORMERS = Spectrum ZX8401.............. £5. 

We can supply a large range for QL ZX8302.............:0:eeee £6.49 

many Monitors (Also TV equip). ~ Spectrum TMS4532NL4.....£0.99 


Large 
Service & User information available. 
Original manuals supplied if possible. 
SEMICONDUCTORS 
We can supply thousands of different 
Custom & Industry Standard devices. 


REMOTE CONTROL HANDSETS 
Very large range available from....£10.99 


PHONE for a ‘PRICE & AVAILABILITY’ on 
your requirements, or send S.A.E. for 
more information on our service. 


6569 VIC (C64) 
8565 VIC (C64C) 


We only show a small sample of our stock. Many Batteries, Leads 
and Printer Spares also available. Please enquire. 
All items subject to availability. Prices can change without notice. 


Order by Post or Phone. We accept Credit 
Cards, DELTA & SWITCH. (Please give 
Validity Dates & Issue No.'s). Add: £1.20 
(UK) P&P (+50p for LOPTx’s) & 17.5% 
VAT. (NB: VAT is also due on P&P — 
Manuals are zero-rated). 


Mail Order to:- MEC 
1 HORNBEAM MEWS 
GLOUCESTER GL2 OUE 


=) INFOTECH & STREE= 


76 Church St, Larkhall, Lanarks, ML9 1HE 
Phone (0698) 883334/888343 or Fax (0698) 884825 


Remember: Not only do we have every sheet ever produced, but we also have 
The World’s Largest Collection of 
SERVICE MANUALS & CIRCUITS 


We are now successfully running a Library Service which allows you to borrow any 
manual you want for as long as you want, and when you need another manual, just return 
the one you have, plus a £4.95 exchange fee and tell us what you want next. 


Borrow any Service Manual for £4.95 
regardless of its size or normal cost 


The cost of this service is a yearly subscription fee of only £59.95. Join now & get a free 
‘Data Ref Guide’. 
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SERVICE MANUALS 


We have what is probably the largest range of 
Service Information available anywhere. 
From the Earliest Valve Wireless to the 
Latest Video Recorders. Colour Televisions, 
Test Gear, Audio, Computers, Amateur Radio 
in fact practically anything. 

Write, Fax or Phone for immediate Quote. 
Originals or Photostats as available. 


Also available. Our FREE catalogue 
detailing Hundreds of Technical Books 
and Repair Guides available. 


STOP 


PRESS 


Now Available. Our Service Manuals Index on P.C. 
Disc (3.5”) for use on your Computer. Just £3.50 with 
FREE everlasting Updates. Order MP-285. 


MAURITRON.TECHNICAL SERVICES (EPE), 
8 Cherry Tree’ Road, Chinnor, Oxon, OX9 4QY. 


Tel:- 01844-35 1694. 


Fax:- 01844 352554. 


Please forward your latest catalogue for which I enclose 2 x 1st Class Stamps. 
or £3.50 for the Technical Books Catalogue plus Manuals Index on PC Disc(s). 


NAME 
ADDRESS 


POSTCODE 


If you do not wish to cut your magazine photocopy this coupon or use a separate sheet 
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VARIABLE VOLTAGE 
TRANSFORMERS 


INPUT 220/240V AC 50/60 
OUTPUT 0-260V 
Price P&P 
0.5KVA 2.5 amp max £31.90 £6.00 
(£44.53 inc VA 
1KVA 5 amp max 


(£56.58 inc VAT) 
£59.40 £8.50 
(£79.78 inc VAT) 
£78.65 £8.50 
(£102.40 inc VAT) 
£139.15 
(Plus Carriage) 
Buy direct from the Importers. Keenest prices in the country 
COMPREHENSIVE RANGE OF 
TRANSFORMERS-LT-ISOLATION & AUTO 
110-240V Auto transfer either cased with American socket and 
mains lead or open frame type. Available for immediate delivery. 


WIDE RANGE OF XENON FLASHTUBES 


Write/Phone your enquiries 


ULTRA VIOLET BLACK LIGHT 
FLOURESCENT TUBES 
4ft 40 watt £12.00 (callers only) (£14.10 inc VAT) 
2ft 20 watt £7.44+ £1.25 p&p (£10.21 inc VAT) 
12in 8 watt £4.80+ 75p p&p (£6.52 inc VAT) 
Yin 6 watt £3.96 + 50p p&p (£5.24 inc VAT) 
6in 4 watt £3.96 + 50p p&p (£5.24 inc VAT) 


230V AC BALLAST KIT w 
For either 6in, 9in or 12in tubes £6.05+ £1.40 “a 


2KVA 10 amp max 
3KVA 15 amp max 
5KVA 25 amp max 


p&p (£8.75 inc VAT) 
400 WATT UV LAMP 
Only £38.00+£4.00 p&p (£49.35 inc VAT) 
160 WATT SELF BALLASTED BLACK 
LIGHT MERCURY BULB 
Available with B.C. or E.S. fitting. 
Price inc VAT & p&p £25.55 


12V D.C. BILGE PUMPS 
500 GPH 15ft head 3 amp £19.98 
1750 GPH 15ft head 9 amp £34.55 
Also now available: 
24V D.C. 1750 GPH 15ft head 
5 amp £35.55 
All designed to be used submerged. 
PRICES INCLUDE P&P & VAT 
EPROM ERASURE KIT 
Build you own EPROM ERASURE for a fraction of the 
price of a made-up unit kit of parts less case includes 
12in 8 watt 2537 Angst Tube Ballast unit, pair of bi-pin 
leads, neon indicator, on/off switch, safety microswitch and 
circuit £15.00 + £2.00 p& £19.98 inc VAT 
SUPER HY-LIGHT STROBE KIT 
Designed for Disco, Theatrical use etc. 
Approx 16 joules. Adjustable speed £50.00+ £3.00 p&p 
(£62.28 inc VAT) 
Case and reflector £24.00+ £3.00 p&p (£31.73 inc VAT). 
SAE for further details including Hy-Light and in- 
dustrial Strobe Kits. 





57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB 


TEL: 081 -995 1560 


Showroom pen 
Monday/Frida 


T) 
£41.15 £7.00. 





ACCOUNT CUSTOMERS MIN. ORDER £10 


“BOFFINS SPECIAL“ — 
UNIQUE OFFER 


Surplus Precision Medical Unit, internally in excel- 
lent condition. Designed primarily to eject a precise 
controllable amount of fluid from a medical syringe 
(latter not supplied). Contains the following remov- 
able components: Dual Micro Processor Boards and 
EPROMS. Escap Precision 12V DC Motor with 
300:1 Gear Box and optical encoder coupled to a 
precision threaded drive mechanism. Mains supply 
with 6 x 1.5V Ni-Cad A.A. cells back-up. L.C.D. 
Digital read-out 17mm high with legends. Audible 
warning. 
These are sold for the dismantling of the exceptional 
quality components. Regret no Circuits available. 
Ridiculously low price: £20.00 + £4.00 p&p 

£28.20 inc VAT). 


12V D.C. GEARED MOTOR 
12V D.C. Reversible precision-built Motor Output 
speeds no load approx. 12V-26 rpm; 9V-20 rpm; 6V-12 
rpm. Will work at lower voltages and still retain a 
reasonable torque. Ideal for robotics etc. Size: L. 
40mm. W. 29 mm. H. 39mm. Shaft: 3mm dia x 10mm 
long. Price: £8.00 + 50p p&p (£10.00 inc. VAT) 


240V AC CENTRIFUGAL BLOWER 
New Manuf. Surplus Skeleton Blower suitable for 
mounting inside an enclosure to cool equipment. 
Overall size 130 x 110 x 85mm. Outlet 80 x 35mm. 
Impellor 60mm dia. x 60mm long. Price £14.10 inc 
p&p & VAT). 


SEWING MACHINE MOTOR 
Brand new 220/240V AC/DC SEW-TRIC 2 lead Brush 
Motor. Size L. 100mm x H. 70mm x W. 55mm. Spindle 
% in. dia. x 1 in. long. Price £14.10 inc p&p & VAT). 
GEARED MOTORS 

71 RPM 20lb inch torque reversable 115V AC in- 
put including capacitor and transformer for 240V AC 
operation. Price inc VAT & p&p £27.73. 


SOLID STATE EHT UNIT 

Input 230/240V AC, Output approx 15KV. 
Producing 10mm spark. Built-in 10 sec timer. 
Easily modified for 20 sec, 30.sec to continuous. 
Designed for boiler ignition. Dozens of uses in the 
field of physics and electronics, eg supplying neon 
or argon tubes etc. Price less case £8.50+ £2.40 
p&p (£12.81 inc VAT) NMS 


SAVE POUNDS !!! 


Build your own forged bank note detector. Can 
detect counterfeits amongst a quantity of notes. 
Complete kit of parts less case. 240V a.c., includ- 
ing 6” pV black light tube, starter and holder, a pair, 
b1-pin tube holders. Total price including p&p & 
VAT only £13.99. | 


MICROSWITCH 
Pye 15 amp changeover lever microswitch, type S171. 
Brand new. price 5 for £7.05 inc VAT & p&p 
WASHING MACHINE WATER PUMP 
Brand new 240V AC fan cooled. Can be used for a 
variety of purposes. Inlet 1%in., outlet lin. dia. Price 
includes p&p. & VAT. £11.20 each or 2 for £20.50 


inclusive. 


Ample 
Parking Space 





FAX: 081-995 0549 
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BC184, 184L, BC212, 212L - 10p. 


Mixed metal/carbon film resistors ¥’sW E12 series 10 ohms to 1 Megohm 
Carbon Film resistors %W 5% E24 series 0.51 R to 10MO 


CORO e eee eee eee eee e a eee eee e ene eseeseeesseeseens 


S 
BC107/8/9 - 12p. BC547/8/9 - 8p. BC557/8/9 - 8p. BC182, 182L, BC183, 183L, 


SOOO R emer meee meee eee ee ene eeeeseeneseeeesenene 
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BC327, 337, 337L - 12p. BC727, 737 - 12p. BD135/6/7/8/9 - 25p. BCY70 - 18p. 


BFY50/51/52 - 20 


BFX88 - 15p, 2N3055 - 55p, TIP31, 32 - 30p, TIP41, 42 - 40p. BU208A - £1.50, BF195, 197 - 12p 


lonisers with seven year guarantee, 240V AC, list price £16.95 or more .........cccccccses £12.50 


Do not add VAT. Postage 30p (free over £5). Stamp for list. 


THE CR SUPPLY CO 





VALVES 
30L15, £4; ECC804, £3; 
ECH84/EF85/EH90/EY86/ 
PCF801/PCF806/PCL88/ 
PL81/PL83/PY82......All £1 ea* 


5%," to 3%" floppy converter 
£1.50 ea* 
STC p.s.u. 240V Input; 5V 6A 
Output, (converts to 12V 3A, 
details supplied) 
Temperature probes, with 


Universal Timer (10 min. 
delay and 20 min. cut-off 
functions) 


TRANSISTORS 
BDX42/BDY91/BD237/ 
BUX85/BSS52 All 50p ea* 


12V 400mW Zeners, ......£1 - 100” 
MOSFETS, 10A 450V, 


40 Character x 1-line dot 
matrix display £4.95 ea” 
Car Dashboard Display (shows 
lights, indicators, doors, 
on picture of car) 


17-digit v.f. display 
Giant 2 digit v.f. display 
12V stepper motors, 48 steps 
per rev., 7°3° step angle...£3.95* 
250 off mixed electrolytic 


250 off polyester caps 
1000 off mixed resistors 


127 Chesterfield Rd., Sheffield S8ORN Tel: 0742557771 Return posting 


100 off phono plugs £2.95" 
50 off mixed terminal 
£2.50* 

25 off buzzers & sounders..£3.50* 
25 off mixed relays 
50 off mixed switches 
250 off i.c. sockets 
1000 off Ceramic caps 
5 off 3V Lithium memory 

back-up batteries £2.00" 
100 off 2200uF 25V caps...£6.00* 
100 off 4:7uF 25V caps 
3lb mixed component pack..£4.95 
Jumbo component pack 
Crystal oscillators 

10/12Mhz 
5V.DPCO D.I.L. relay 60p ea” 
5V SPCO S.I.L. reed relay..40p ea” 
12V Piezoelectric Sounders.50p ea 
DIL Switches 3/4/6 and 


3:5mm jack plugs 
100 off Zener diodes, mixed....£2 
21 -piece mini screwdriver 


Universal test lead kit 
10 crocodile clip leads... 
20 off mixed R.F. Filters, 
Crystals, etc. .....cceeeeee £4.95" 
100m P.V.C. sleeving 


QUANTITY DISCOUNTS 
AVAILABLE PLEASE RING. 
We also buy all forms of electronic 
components, p.s.u’s, disk drives etc. 
Lists to below address. 


ALL PRICES INCLUDE V.A.T. 
PLEASE ADD £2.00 p&p EXCEPT 
ITEMS MARKED* WHICH ARE 50P. 
SAE FOR BULK BUYING LIST 
PAYMENT WITH ORDER TO: 


Dept EE, COMPELEC, 
14 Constable Road, 
St. lves, Huntingdon, 
Cambs PE17 6EQ 
Tel/Fax: 0480 300819 









| chequesore.o.t1 SHERWOOD ELECTRONICS wowr| 


0 
£1.10 per pack 
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SHERWOOD ELECTRONICS 
7 Williamson Street, Mansfield, Notts. NG19 6TD 
SPECIAL OFFER — choose 2 x £1 packs FREE with every 12 purchased 


















SP1 15 x 5mm Red Leds SP37 —- 18 x_ 100/35V radial elect caps 
SP2 15 x 5mm Green Leds SP42 200 x Mixed 0.25W C.F. resistors 
SP3 12 x 5mm Yellow Leds SP47 5 x Min. push button switches 
SP4 10 x 5mm Amber Leds SP102 20 x 8 pin DIL sockets 

SP10 100 x 1N4148 diodes SP103. 15 x 14pin DIL sockets 

SP11 30 x 1N4001 diodes SP104 15 x 16 pin DIL sockets 

SP12 30 x 1N4002 diodes SP112. 5 x. Cmos 4093 

SP18 20 x BC182 transistors SP125 10 x 1000/16V radial elect caps 
SP19 20 x BC183 transistors SP130 100 x Mixed 0.5W C.F. resistors 
SP20 20 x BC184 transistors SP133 20 x 1N4004 diodes 

SP22 20 x BC214 transistors SP134 15 x 1N4007 diodes 

SP23 20 x BC549 transistors SP137 4 x W005 1.5A bridge rectifiers 
SP24 5 x Cmos 4001 SP138 20 x 2.2/50V radial elect caps 
SP28 5 x Cmos 4011 SP142 2x Cmos 4017 












SP29 4 x Cmos 4013 SP147 5 x Stripboard 9 strips x 25 holes 
SP36 25 x 10/25V radial elect caps SP165 2 x LF351 Op-amps 


















RESISTOR PACKS - 0.25W C.Film ; 

RP3 5 each value — total 365 e250 | Catalogue available £1 or FREE 
RP7 10 each value — total 730 £3.75 with first order over £5 

RP10 1000 popular values £4.95 









Please add £1.25 P&P to all orders 






Millions of quality components 
at lowest ever prices! 


Plus Tools, Watches, Fancy Goods, Toys. 
Mail order UK only. 


All inclusive prices — 
NO VAT to add on. 
Send 43p stamped self addressed label or 
envelope for catalogue/clearance list. 


At least 2,100 offers to amaze you. 


Brian J Reed 
6 Queensmead Avenue, East Ewell 
Epsom, Surrey KT17 3EQ 
Tel: 081-393 9055 
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THOUSANDS PURCHASED 
BY PROFESSIONAL USERS 









HE RENOWNED MXF SERIES OF POWER AMPLIFIERS 
OUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W) 


MXF600 (300W + 300W) MXF900 (450W + 450W) 
ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 
EATURES: xIndependent power supplies with two toroidal transformers * Twin L.E.D. Vu meters * 
level controls * Illuminated on/off switch * XLR connectors * Standard 775mV inputs * Open and short circuit 
roof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low 
istortion * Aluminium cases * MXF600 & MXF900 fan cooled with D.C. loudspeaker and thermal protection. 


SED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. AK 


SIZES:- MXF200 W19"xH3"2" (2U)xD11” 
MXF400 W19"xH5"4" (3U)xD12” 
MXF600 W19"xH5%4" (3U)xD13” 
MXF900 W19"xH5"4" (3U)xD14%.4” 
PRICES:-MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 








dvanced 3-Way Stereo Active Cross-Over, housed in a 19” x 1U case. Each channel has three level controls: 

ass, mid & top. The removable front fascia allows access to the programmable DIL switches to adjust the 

oss-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24dB per octave. Bass invert switches 
each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack amplifier and modules. 


Price £117.44 + £5.00 P&P 
* ECHO & SOUND EFFECTS* 














TEREO DISCO MIXER with 2 x 7 band 
& R graphic equalisers with bar graph 
D Vu meters. MANY OUTSTANDING 
ATURES:- including Echo with repeat & 
peed control, DJ Mic with talk-over 
itch, 6 Channels with individual faders 
us cross fade, Cue Headphone Monitor. 8 
ound Effects. Useful combination of the 
billowing inputs:- 3 turntables (mag), 3 
ics, 5 Line for CD, Tape, Video etc. 


Price £144.99 + £5.00 P&P 





SIZE: 482 x 240 x 120mm 


oin the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved 

ansient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required 

ese units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE 

XPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 

_ TYPE ‘A’ (KSN1036A) 3” round with protective wire mesh. Ideal for 
: bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P. 

? TYPE ‘B’ (KSN1005A) 3'.” super horn for general purpose speakers, 

disco and P.A. systems etc. Price £5.99 + 50p P&P. 

TYPE ‘C’ (KSN1016A) 2’x5” wide dispersion horn for quality Hi-Fi sys- 

tems and quality discos etc. Price £6.99 + 50p P&P. 

TYPE ‘D’ (KSN1025A) 2"x6" wide dispersion horn. Upper frequency 

response retained extending down to mid-range (2KHz). Suitable for high 

quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P. 

TYPE ‘E’ (KSN1038A) 3%.” horn tweeter with attractive silver finish trim. 

Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50p P&P. 

LEVEL CONTROL Combines, on a recessed mounting plate, level control 

and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P. 


new range of quality loudspeakers, designed to take advantage of the latest 
peaker technology and enclosure designs. Both models utilize studio quality 
D” cast aluminium loudspeakers with factory fitted grilles, wide dispersion 
bnstant directivity horns, extruded aluminium corner protection and steel 
all corners, complimented with heavy duty black covering. The enclosures 
e fitted as standard with top hats for optional loudspeaker stands. 


POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz 


ibl FC 12-100WATTS (100dB) PRICE £159.00 PER PAIR 
ibl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR 
SPECIALIST CARRIER DEL. £12.50 PER PAIR 


OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery £6.00 per pair 





THREE SUPERB HIGH POWER 

CAR STEREO BOOSTER AMPLIFIERS 
150 WATTS (75 + 75) Stereo, 150W 
Bridged Mono 
250 WATTS (125 + 125) Stereo, 250w 
Bridged Mono 
400 WATTS (200 + 200) Stereo, 400Ww 
Bridged Mono 
ALL POWERS INTO 4 OHMS 
Features: 
* Stereo, bridgable mono * Choice of 
high & low level inputs * L & R level 
controls * Remote on-off * Speaker & 
thermal protection. 


PRICES: 150W £49.99 250W £99.99 
400W £109.95 P&P £2.00 EACH 





SUPPLIED READY BUILT AND TESTED. 


These modules now enjoy a world-wide reputation for quality, reliability and performance at a realistic price. Four 
models are available to suit the needs of the professional and hobby market i.e. Industry, Leisure, Instrumental and Hi-Fi 
etc. When comparing prices, NOTE that all models include toroidal power supply, integral heat sink, glass fibre P.C.B. and 
drive circuits to power a compatible Vu meter. All models are open and short circuit proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 45V/uS, 
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 123 x 60mm. 
PRICE £40.85 + £3.50 P&P 


OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 50V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 155 x 100mm. 

PRICE £64.35 + £4.00 P&P 


OMP/MF 300 Mos-Fet Output power 300 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
‘» -3dB, Damping Factor >300, Slew Rate 60V/uS, 
‘ T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 330 x 175 x 100mm. 

PRICE £81.75 + £5.00 P&P 


OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 75V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110. dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 
PRICE £132.85 + £5.00 P&P 


OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 
Factor >300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 5}00mV, S.N.R. -110 dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti-Thump Delay. Size 422 x 300 x 125mm. 

PRICE £259.00 + £12.00 P&P 


NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. 

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC. 





LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH 
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E. 
(60p STAMPED) FOR COMPLETE LIST. 


McKenzie and Fane Loudspeakers are also available. 





ALL EMINENCE UNITS 8 OHMS IMPEDANCE 

8” 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO. 

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 + £2.00 P&P 
10” 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID. 

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE £33.74 + £2.50 P&P 
10” 200 WATT R.M.S. ME10-200 GUITAR, KEYB’D, DISCO, VOCAL, EXCELLENT HIGH POWER MID. 
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 P&P 
12” 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR. 
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 + £3.50 P&P 
12” 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE 
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98cB. PRICE £36.67 + £3.50 P&P 
12” 200 WATT R.M.S. ME1 2-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID. 

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 + £3.50 P&P 
12” 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC. 
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70.19 + £3.50 P&P 
15” 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99cB. PRICE £50.72 + £4.00 P&P 
15” 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 P&P 


ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped @ 4 & 8 ohm) 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 

8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97cB. PRICE £8.90 + £2.00 P&P 
10” 5OWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 + £2.50 P&P 
10” 100WATT EB10-100 BASS, HI-FI, STUDIO. 

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96cB. 

12” 100WATT EB12-100 BASS, STUDIO, HI-Fl, EXCELLENT DISCO. 
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 

514" BOWATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. 

612" GOWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB. 

8” GOWATT EBS8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC. 
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89cB. PRICE £12.99 + £1.50 P&P 
10” 6OWATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC. 

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 + £2.00 P&P 


PRICE £30.39 + £3.50 P&P 


PRICE £9.99 + £1.50 P&P 


PRICE £10.99 + 1.50 P&P 


PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
COMPLETE WITH CIRCUIT AND INSTRUCTIONS 


3W TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL ; 
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 42V @ 0.5AMP. 
PRICE £14.85 + £1.00 P&P 
FM MICRO TRANSMITTER 100-1uomHz, VARICAP TUNED, COMPLETE WITH 
VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY. 
PRICE £8.80 + £1.00 P&P 





PHOTO: 3W FM TRANSMITTER 











ON SALE NO 
ONLY 


‘of Brand New 
Super Low Prices. 


Available from all branches of WHSMITH, John Menzies in Scot 
~ ONLY, Eason & Son in N. Ireland ONLY, and Maplin stores nationv 
The Maplin Electronics 1995 Catalogue — OUT OF THIS WO 





